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_ n the circulating blood of the patient and of 
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TABLE 1.—INOCULATIONS OF MONKEYS WITH SPIRILLA OF RELAPSING FEVER. 
Monkey 1. 
Date. A.M. P.M. Temp. (Cent.) Result. Remarks 


3/4 1:15 Ine ted from patient 
3/5 10:00 39 No spirilla. 
3/6 11:40 39.7 No spirilla 
3/7 10:00 39.7 Many spirilla. Bled (see Monkey 2 
3/8 6:15 $1.5 Many spirilla 
3/9 ; Blood not examined 
3/10 9:00 39 No spirilla. Killed 
Vo ; 

3/7 { 5) I ilated from Monkey 1. 
3/8 I 1 not examined 
3/9 ; Blood not examined 

5/10 9-00 30.5 Few spiri la 

3/1] 11:30 40.2 Many spirilla. Kill see Mor 

VUonkey 3 

3/11 12:45 It lated from Monkey 2 
3/12 $:20 } No s illa 
3/13 ; not examined 

3/14 } ) ) No spiri 
3/15 6:00 ) Few s lla 
3/16 4 ) Via irilla 

5/17 11:00 10.7 Ma spirilla 
3/18 9:15 39 Mar la 
3/19 9:45 1.2 No §] 

5/20 10:45 9.2 No i 

5/21 9:45 of Nos rl i 
3/22 10:45 39.1] No it 

3/23 9:45 39 No s , 
3/24 3:30 10) No gs] 1 
3/25 9:15 39.7 No spl lla 
3/26 LO 39.2 Nos i 
3/27 10:30 39.2 No spirilla. 

28 $:00 1 No spirilla 

29 $:15 N spirilla 
3/30 9:00 39.8 No spirilla, 
5/31 s:- 15 sO.8 No spirilla 
+/1 2:10 No spirilla 
1/2 8:30 9 No spirilla 
1/3 10:00 38.8 No spir i 
1/4 > > No s] lla 
1/5 2 } No s] la. 
1/6 5 ) No 8s rilla 
4/7 9-30 No spirilla 
1/8 Ne illa 
1/10 10:30 No illa 
$/1l $:45 No s 
$/12 10-30 N spirilla 
4/13 ) 0 No s riiia 


date, March 7, Monkey 1 was bled, and with this blood Monkey 2 was 


inoculated, as shown in Table 1, where the various results of the monkev 
inoculations are tabulated. Monkey 3 was in turn inoculated with blood 
from Monkey 2. From this table it is seen that infection takes place in 


{ 


the monkey following intraperitoneal inoculation in three to four days. 
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his circulating blood, failed to show them again. In 


nly monkey observed over a period of time following 


Many spirilla 


Rat 19 
Inoculated from Rat 18. 


Many spirilla 


lar interest is that Monkey 3, though his od was 


last appear- 


lapse took place, and in this respect the organism 


I 
o differ from those previously studied. Though this 
vation, it shows that spirilla causing relapsing fever 

necessarily produce a relapse in monkeys 

ULATIONS OF RATS WITH SPIRILLA OF RELAPSING FEVER 

Rats 1, 2, 3, 4 and 5. 
M Result Remarks 
Inoculated from patie 
Blood not examined 
No spirilla 
ib) No spirilla 
30 No spirilla 
Rat 1. 
Reinoculated from Rat 9 
No spirilla 
Rat 8 
30 Inoculated from Monkey I. 
00 No spirilla 
Blood not examined 
0 No spirilla 
Rats 9, 10, 11, 12, 13 and 14. 
00 Inoculated from Monkey 2. 
Many spirilla. 
00 Many spirilla 
Many spirilla in some 
rats; no spirilla in 
some rats 
Rat 15 
Inoculated from Rat 9 
10 No spirilla 
Many spirilla. 
Rat 16 
Inoculated from Rat 15. 
00 No spirilla. 
No spirilla 
Rat 17 
10) Inoculated from Monkey 3 
30 No spirilla 
No spirilla 
Rat 18 
10 Inoculated from Monkey 3. 
10 Many spirilla. 
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Rat 20 
Date AM P.M. Result Remarks 


) 
3/18 8:45 No spirilla 
3/18 5:45 No spirilla. 
3/19 9:45 No spirilla 
3/20 12:15 No spirilla 
3 45 No spirilla. 


Rat 21. 


3/18 11:45 Inoculated from Rat 19 
3/19 1:30 No spirilla 
3/19 5:00 No spirilla. 
3/19 11:45 No spirilla. 
3/20 10:45 No spirilla. 
3/21 9:30 No spirilla. 
3/22 10:30 No spirilla. 
In studying the reaction of the spirilla in white rats, twenty-one rat 
were employed. Five rats were inoculated on Mar t with blood 


not examined on March 5, but were all ind to be negative at 10:45 a.n 
on March 6. In other words, no one of the five rats inoculated rect 
Irom the patient showe organisms in S Cll iting ood t ( 
hours after the in ition, nor were any organisms found on examination 
( I two s s ent days \s was subs ent show! n this st 
the spirilla us appear in t rat in less in twent yur ho nd 
in some have disappeared in less 1 orty- ours. Consequent] 
it may ive been true that rats 1 ited wit ood ym the patient 
pecame ll! if | Dut t 3s inte ) was not detect lo no ¢t } e + 
examine the rats ear enou ( t ( i s heen « , 
some observers that the spirilla of Ober r are not inoculable into 
rats direct iro I I ) I if S necessa’r tO 7 ss e! ST bh? 
monkeys, after whi the rat is susceptible to t nist The onl 
date, w h tends to show t eo ( ts ( 


these rats was reinoculated with blood fre 1 positive rat (Rat 9) at 
10 a. ind the next dav, Mar 13, at 10:15 ! od s } 
no organisms, W ile a control rat not previous! noc ated =r the 
patient’s blood, Rat 15 (also inoculated from Rat 9) showed an infectior 
\s is seen from the results in other rats, however, not all of ou rats. even 
though previo islvy untreated, were susceptible. and s no definite con- 
clusions can be drawn from these observations. Rat &. inoculated o 
March 7? with blo d obtained from Monkey 1. showed no organisms fter 
twenty-four hours. and none at a subsequent date Six rats. however 
inoculated on March 11 with blood from Monkev 2, showed organisms 
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HISTOLOGY OF THE LESION OF THE MONKEY 


For study of the lesion produced by inoculation into monkeys of blood 
infected with the spirilla there were available two monkeys: Monkey 1, 
killed three days after the first appearance O1 spirilia in the circu ati 

blood, and forty-two hours after they were last observed in the circula 
tion (though it is possible that this does not represent the time elapsed 


between the actual disappearance and the time the animal was killed, 


Sir 
bil 


ice the blood was not examined between 6:15 p. m., March 8, and 9 


a. m. March 10, at which latter time no organisms were found, and the 
animal was killed three hours later) ; and Monkey 2, killed twenty-six 
hours after first finding of spirilla in the circulating blood, and at a time 


when the blood was teeming with organisms. Monkey 2 will be described 





MonkKEY 2.—This animal was killed with chloroform anesthesia at 12:30 p. m., 
March 11, after having been partially bled. Ihe body cavities were free from 
fluid; there was moderate congestion of the intestines; the lungs and heart were 
normal rhe spleen seemed firm; capsule was te 
15 to 2 mm. in diameter, were plainly visible through the capsule, while other 
parts of the spleen were of a dark purplish red color The cut surface showed 
grayish areas, 1.5 to 2 mm. in diameter, standing out distinctly a I i red 
background. The cut surface was not moist and was firm The live kidneys 
adrenals, stomach, large and small intestine all appeared normal Mesenteric 
lymph-nodes along the root of the mesentery were distinetly enlarged, pinkish 
gray in color, and moist. The bone-marrow was reddish gray. Brain was normal 


in appearance. The tissues in part were hardened in Zenker’s fluid, stained with 


eosin and methylene blue, and with Mallory’s phosphotungstie acid hematein 
Of these, the heart, lung, kidney, adrenal, stomach, intestine, striated mus 

cerebrum, cerebellum and spinal cord all appeared normal. The liver showed no 
definite lesion of the liver cells In the sinusoids were collected an increased 
number of polynuclear leukocytes, usually aggregated in distinct foci, very com 
pletely filling the sinusoids at these points (Fig. 3). In addition to polynuclear 
leukocytes, there were a moderate number of mononuclear cells of the endothelial 
type Some of these latter were ph igocytic, and contained pe I nuclear leuko ytes 
as inclusions The spleen was the only organ to show a very mar i lesior 
This consisted of a focal infiltration with polynuel ir leu ocytes I hese Loc 
varied in size from quite small ones to areas a little over 1 mm. 1 imeter 


In these foci polynuc lear leukocytes were closely packed together, aln t con 
pletely replacing the other cells of the spleen Most often the polynuclear 


leukocytic foci occurred in the Malpighian follicles, sometimes very largely 
replacing the lymphocytic cells of the follicles ri } The smaller foci in the 
Malpi ian follicl u ly occuy ia part of t periphe ] por i 7s) 
There were al foci of leukocyte usually sn ! itt nt ! In 
addition to these foci of polynuclear leukocyt the only other demonstrabl 
lesion consisted in a proliferation of the cells, both in the pulp and t 
Malpighian follicles, evidenced by a considerable number of mitot fieure No 
active phagocytic cells were seen in the spleen There was present a slight 
amount of coarse yellow-brown pigment The bone-marrow was cellular, fairly 
actively hyperplastic, as indicated by the occurrence of scattered mitotie figures 
The proliferation appeared to concern the cells of the polynuclear leukocyt 
series more than the other bor marrow cell but the change vas not pre 
ponderatingly a leukocytic hyperplasia The mph-r was 8 per 


pl ist 
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Part of the tissue was hardened in formaldehyd solution, and stained by the 
Levaditi method of silver impregnation, in order to demonstrate the spirilla. 
Throughout the various viscera (heart, liver, kidney, lung, gastro intestinal tract, 
striated muscle, bone-marrow and brain) numerous spirilla were seen within 
the blood-vessels (Figs. 6 and 7), but not outside the blood-vessels in the tissue 
itself. In the liver, some of the spirilla contained in the sinusoids appeared to be 
within phagocyt cells of the endothelial type, though most of the spirilla were 
evidently free in the plasma. The polynuclear leukocytes did not appear to take 
up the spirilla In the spleen, since some of the reticulum took a black stain 
with the Levaditi method, interpretation of the findings was rather more difficult. 


but spirilla intact enough for positive identification were very infrequent in the 


general splenic tissue. There were present, however, in cells numerous granules 
which took the silver stain, and occasionally what appeared to be definitely 
remains of spirilla hese appeared to be present in the phagocytic cells of the 
endothelial type and not in the polynuclear leukocytes. Jesides these, in the 
foci of polynu ir leukocyte increase, there were present quite numerous frag- 
ments of spit i For the most part these fragments appeared to be extra 


cellular, though some undoubtedly were contained in cells that belonged to the 
leukocyte series All of these fragments were short compared with the normal 
spirilla 

MonkKeEY 1.—Killed by chloroform anesthesia, 9:15 a. m., March 10. Body 
cavities were free from fluid. Peritoneal cavity showed a long omentum covering 


distinctly congested intestine in which the larger individual vessels stood out 
prominently Spleen was firm, felt tense Its eut surface showed grayish points 
about 1 mm. in diameter on a red background. Cut surface was rather dry, 
retained its shape. The general color was rather pale red, with small grayish 
points as deseribed above. The lungs were pink, soft, appeared normal on the 
outside On cross-section, the lungs showed scattered dark-brown to black areas 


about 1 to 2 mm. in diameter. The liver showed a smooth surface of a grayish 
red color, cut surface the same. Heart, adrenals, kidneys, and brain and spinal 
cord all appeared normal. The tissues in part were hardened in Zenker’s fluid, 
ind stained with eosin and methylene blue and Mallory’s phosphotungstie acid 


hematein. Of these, as in Monkey 2, all appeared normal, with the exception of 
the liver and spleen The liver showed a slight focal increase of polynuclear 
leukocytes and phagocytic cells in the sinusoids. This, however, was much less 


marked than in Monkey 2. In the spleen, the Malpighian follicles were relatively 





smaller and the pulp more abundant than was the case in Monkey 2. In places 
the pulp was distinctly poor in cells. Seattered through the spleen were small 
foci of infiltrating polynuclear leukocytes. These occurred principally in the 
peripheral portion of the Malpighian follicles and adjacent to the trabecule of 
the spleen Seattered through the pulp there were also polynuclear leukocytes, 
but these were not so numerous as in Monkey 2. Mitotie figures were fairly 
numerous throughout the spleen. Scattered here and there was a considerable 
amount of rather coarse yellow-brown pigment. 

Part of the tissue was hardened in formaldehyd solution, and stained by the 
Levaditi method of silver impregnation, in order to demonstrate the spirilla. 
rhroughout the various viscera (heart, liver, kidney, lung, gastro-intestinal tract, 
bone-marrow and spinal cord) no spirilla were seen free within blood vessels and 
none outside the blood-vessels in the tissue itself. In the liver, a very occasional 
recognizable fragment of a spirillum was seen within an endothelial cell, either 
free in the sinusoid or still attached to the wall of the sinusoid. In the same 
way in the spleen a very occasional recognizable fragment of a spirillum was 
seen, usually within a cell of endothelial type. Apparently in these tissues the 


spirilla had disappeared almost completely. 
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SUMMARY 


In the circulating blood of a patient suffering from relapsing fever 


spirilla were found on the second and third days of a three-day paroxysm 


of fever. These spirilla were inoculated successfully into monkevs and 
white rats. Both failed to show recurrence of the organism after the first 
infection. The lesion produced in monkeys consists of an accumulation 


of polynuclear leukocytes and endothelial cells in the sinusoids of the 
liver, and a focal infiltration of the spleen with polynuclear leukocytes 
The spirilla appear to be removed from the circulation in the monkey by 
phagocytosis, to a slight extent in the liver, more actively in the spleen 


252 Marlborough Street. 











DIPHTHERIA BACILLUS-CARRIERS 


WITH A REPORT OF A CASE TREATED BY OVERRIDING THE INFECTED AREA 


STAPHYLOCOCCUS PYOGENES AUREUS 


HENRY PAGE, M.D 
MANILA, P. I. 

The army mé il officer and physicians assoc iated with schools and 
factories ar r more concerned about prophylactic measures thar they 
are about t treatment of individual cases. It is far more important 
to guard an army corps or a large school or factory against an invasion 
of diphtheria or typhoid than it is to display great ability in treating 
such cases r they have arisen. 

1 


This st tion is that which separates the 


“nhvs n.” a distinction that is broader than it should be, for while 


a sanitarian may, without prejudice to his calling, be uninterested in the 
cur _ the phvsician cannot neglect his sanitary functions with- 


it fatal results. In a paper entitled “Diphtheria Carriers,”? by Myer 
Solis-( en. read in the Section on Hygiene and Sanitary Science of the 
\) in Medical Association, Chicago, 1908, the sanitary responsibi 


of t . n who treats cases of infectious disease is very ably en a- 


| ( T Ss WOrK ind t e WI nes S T Ss Sas ty TY 
f.] b | 
~~ < y¥ that the ltollowing vel es (brietiv related) are 
( spread of dinhthe i 1 suggest that it w perhaps 
t discredit id odors” and ective plumbing 
1 : the “carrier” has failed 
’ ' 
i. ( escents Graham-Smith's nd ( ts ta s 
4 ) 
< \ ot persistence ¢ VII nt l I I il cases 1s 
as ~~ 
1 < anf ‘ er Diphtheria Cart S eir Discovery i Control 
J {m. M Assn., 1909, lii, 111 
2 1 S R teriology f D 1 Caml lg 1908 
’ ’ 
l 
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Period of persistence No. of 


of bacilli in days: cases 
1-5 2 
6-20 19 
21-30 22 
31-40 8 
41-50 } 
51-60 ) 
61-90 6 
91-100 l 


Above 100 0 
The mean period of persistence in these cases was 31.6 days. Fisher 
reports three cases lasting 106, 107 and 111 days, respective! 


2. Contacts—Park and Beebe® found that in fourteen families where 


isolation was imperfect, 50 per cent. of contacts harbored virulent ba 


teria. In families where isolation was good 10 per cent. of these living 


in the same houses became jnfected. Many of these infected contacts 


failed to develop clinical diphtheria. 


3 { ppare nt 7 Normal Pe rsons not Knou nto H 1ve Be en BE rpose 


The Massachusetts Board of Health® states that of persons not known to 
have been exposed to infection 3 per cent. harbored Klebs-Loeffler 


} . 1 


bacilli: of those known to have been exposed. from 8 to 50 per cent., 


Park’? examined 330 apparently healthy persons and found 9.7 per cent 


who harbored bacilli. Only 2 


per cent. of these were virulent. Holmes* 
and Fisher* give a much smaller percentage (about 2 per cent.) and 
emphasize the very important fact that very few really healthy throats 
harbor the bacilli. These observations simply mean that in localities 
where throat diseases are prevalent greater care should be used to detect 


carriers. 


1. Fomites—Park® isolated living Klebs-Loeffler bacilli from a tiny 
bit of membrane four months after its removal from the throat B 
bee’? reports an epidemic transmitted through a library bo which had 
been wrapped in paper, fumigated and opened only after eleven months 


had elapsed. Other illustrations are unnecessary 


5. Tonsillitis —Every case of tonsil] 


4. Fisher, J. W.: A Diphtheria Epidemi Its Bearing on the Q tion of 
Bacillus Carriers, Animal Carriers and the Necessity of More Strict Quarantine 
Regulations, Jour. Am. Med. Assn., 1909, lii, 439 

5. Park and Beebe: New York Med. Rec., xlvi, 385 

6. Report of Massachusetts Assn. Board of Hea Tu 1902 

7. Park: Pathogenic Bacteria and Protozoa 

8. Holmes: New York Med. Jour., 1908, Ixxx 

9. Park: New York Med. Re 1892, 

10. Bugbee Am. Med., viii, 318 
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THE 1RCHIVES 
It is a gel il belie t t its are often tl] arriers ( 
Daws nd Klein are among the few that e studied 
( < ' ed the ind in s cases 
4 , , ‘ res ” Fisher* reports 
h rats and cats as s-carriers were the chief 
- s wi | Or s ct ¢ s¢ rees of infec- 
t t necessit thorough s tar’ 
Case Of these sources ol! nfect T the } st 
: man carrier For while infected rats or 
thing burned, the dairyman reported to the rd 
sinfeected, the Iman earrier, whether he be a 
a person » has neve en § s the most 
S nfection and in most cases it is impossible to 
S with others. It is with this source of infection that 
diphtheria convalescent carrier Watson Wi ms 
rs into three gt s, as follows 
ive general s toms | health in association 
sillitis, membranous rhinitis, otorrhea, sores, etc., whi 
ritic. There js no question but that these cases have 
l emics 
e no symptoms o | health but who have one or 
diphtheritie lesions The reports of Burnett.’? News- 
nd Beebe, and many others, leave no room to doubt the 
er of these cases, 
: mut ill heal and witl local symptoms t in 
| The lli have been foun culture tests This class 
ni¢ ted contacts 
: tes instances in which healt nfected contacts in insti- 
W non-infected persons wit t ill results and 
ete contacts e ha ess ntil the develop | al 
Ss) tly ren irks t} at even li this o inion he orrect a 
s group may at any time develop a cold, and become a 
ty 2 nd hence these carriers are ¢ te s dar y Ss as 
, The same author also a fes mal nstances 1n h 
tacts ive transmitted the disease, and be es that 
uuld probably 1 | s examples. Bugbee,™ 
Et ey of Diphtheria, Local Gov. Board Rep., London, 1889, xxix 
Med. Jour., 1900, xxi 
Pub Health Lab., Univ. of Manchester, 1904 
Me 1904, viii. 





© Gen. 
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Sn ri e nT n tl it me ect ilt persons ng shthe ’ ved 
t e virulent inima no t10 in ¢ e tT r r s even 
though remaining themselves in perfect ea ul thout 


} > } 


Every author on the subject of diphtheria insists that no car shal] 
be released from quarantine until at ist three or four negative ¢ res 
are obtained. 

Grahan Sn [ s s tT if I ed persons 1 ef e pr é ha us- 
free by three successive bacterio il examinations 

Fisher* affirms that in inst ons four s ess I itive cultures 
including two nasal « ures e imperative 

Ricards'® states that 22 per cent t ne 000 sed 
on labora dings were f posit hese tat . 
tha sing negative finding is inconclusive nd, « spa permit 
ould be shown that not only shou ir throat cultures be taken t 
i icterlological examination sh ( ce throat, 1 
ear, skin lesions and even lesions of t venitalia 

VIRULEN( OF ¢ LI Ss 


1 ’ ’ 
I the virulence of the ba ind is been determined Positive 
culture findings in convalescents or infected contacts ma e accepted 
, } 
as evidence of vy ency (this is not true « nexposed persons) I 
; 
owever, the ¢ ition ¢ persisten exceeds two or ee weeks It omes 
’ 
necessal to ino ite animais W tne ¢ tures to determine \V n 


Prip’® rec sa case In W diphtheria u( nosed ! 
phological appearances alone, lasted 669 days; Meve e lasting 547 
days; Le Gendre and Pochon ne lasting 458 days s manilest 


15. Park and Beebe: New York Med. Ree 1894. xlvi 
16. White: Boston Med. and Surg. Jour., 1901, ¢ 

17. Peck: Brit. Med. Jour., 1895, i. 

18. Ricards: Am. Jour. Pub. Hvg.. 1906, xvi 

19. Prip: Ztschr. f. Hyg., 1906, xxxvi 


20. Le Gendre and Pochon Rev. obst., 1895, i 
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TREATMENT OF CARRIERS 


“No one antiseptic seems to affect the presence of these bacilli in 


17 ‘ 


carriers more than another” (Meikle**). I am unable to quote any posi- 
tive statement in conflict with this opinion. This same author states that 


season, sex, age, duration of illness, amount of membrane, locality of 


lesions and the amount of antitoxin given do not affect the duration or 


persistence of the bacilli. 

Wassermann” claims to have hastened the disappearance of the bacilli 
by giving tabloids made from the serum of horses immunized against 
several strains of living diphtheria baci 

Martin*®® asserts that by injecting bacillary bodies intravenously or 
intraperitoneally he obtained a serum that applied locally hastened the 
disappearance of the bacilli. 


Graham-Smith*® notes a case in which the deep crypts of the tonsils 
were irritated with mustard oil to produce a local inflammation; the 


] 


* reports several cases in which linger- 


result was not successful. Peyler’ 
ing bacilli were removed by total extirpation of unhealthy tonsil and 
adenoid tissue. 


The use of dipht 


heria vaccines made from the patient’s culture has 


never been tried. I wished to try it in the case reported in this paper 
and it was refused. It is probably not only a dangerous procedure but 
promises little prospect of success. 

Stitt, of the U. S. Navy, suggested the use of a 2 per cent. dilution of 
liquor formaldehydi in glycerin, painted on the throat, relying on the 
properties, as shown by Rosenau, which that drug possesses of neutraliz- 
ing toxins. ‘This failed to give any result in the case reported below. 
CARRIERS TREATED SUCCESSFULLY BY OVERRIDING WITH STAPHYLOCOCCUS 

PYOGENES AUREUS 

For many years outbreaks of tonsillitis in which Staphylococcus 
pyogenes aureus alone was found on culture have been reported. In my 
practice during the past thirty days I have seen seven such cases. As in 


this instance, such outbreaks have often been coincident with t 


theria cases, but no report has been made showing that diphtheria 


resulted from the staphylococcus infections. On the other hand I recall 


| 
many cases at the children’s hospital in Philadelphia in which my cul- 
tures following positive findings were returned as having only large 
staphvloc« rowths. 

21. Edinbur Med. Jour., 1906, xx. 


22. Wassermann: Deutsch. med. Wehnschr., 1902, xxviii. 
23. Martin Compt. rend. Soc. de biol., 1903, iv. 
24. Peyler Brit. Med. Jour., 1905. 
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Schiotz.25 of Copenhagen, was much impressed with the fact that a 
patient with staphylococcus sore throat, installed in a diphtheria ward 
rror, did not contract diphtheria and also with the fact that int rrent 
attacks of st iphvlococeus sore throat in se\ | cases te ted positive 
Klebs Loeffler findings in the case of « nvalescents ! lt i Acting 
on the presumption that the stap occus was the cause of imn ty 
on the one hand and of cure on the other he inoculated altogether six 
al 3 W stay lococel wit mplete s ss in ¢ nstan 
W. E. Musgrave, of Manila, suggested this treat t in the cas 
re} 1 below and the results lead 1 to believe that the of 
the treatment of carriers has at last n si 1 by a m 1 perfectly 
safe, ¢ to administer and promisi! omplete s s 
As to the latter it is real 1 that one stance doesn’t 1 e a suffi 
t is as yet too ea or pr ve | tions we not too mucl 
) state the belief t s all « : 1 s worthy of an 
tt LT ! 
R ( 
lar G: Miss B.. daughter « , r 
nd toxic symy 3 gnosis, tons is 
Jar rv 19 Case seen bv r D. ¢ I] . ¢ y S.A 
January 20 Cultures positive for iphtheria; 2,000 units of itor given, 
No il | symptoms r uni 
January 27 Iwo thousand units of antitoxin given ( tures } tiv 
Feb vy 10 Four the l S ‘ Cu res } 
Feb lt I sumed char f e cast 
Mari 1: Guinea-pig inoculated with one loopful of bouillon culture ied 
in less than forty-eight hours. Post-mortem findings positive for diphtheria A 
‘ ol pig given tl Ss se bu | 
ments ma by Major ¢ mber] Medi ( 3; U. S. Art ! ent 
Army Tropi Roard 
March 18: \bove experiment repeat with | result 
April 2: 7 it cultures every fi ivs from J 19 have s but 
once prove l positive Throat spra ] T 
Apr Dr. Teague « e ] f S e ¢ \ kindly ( ] 
experiments In the absence < M r Chamberlair | i nas ¢ Niat ] 
of four pigs pr ved positive for theria Deat occurred within thirt nine 
hours; those protected by a1 \ 
sprayed wit the inoculated b t ug mizer e\ two 5 
luring day hours At night no treatment giver 
April 4: <A culture from the throat was taken before treatment ! ned 
t8a.m. A fresh tube of staphylococcus was given patient for use 1 spraving 
throat The throat was mopped also wit in apy tor ire be » 4 to 
enter the deep crypts of the tons 
25. Schigtz, A.: Cure of Chronic Diphtheria Bac s-Carrier I @ f 
Laeger, 1909, Ixxi, 1373; abstr. in Jour. Am. Med. Assn., 1910 v, 422 
26. Slack, F. H., Arms, B. L., Wade, E. M. and Blanshar Ww. s D eri 
Bacillus-Carriers in the Public Schools, Jour. Am. Med. Assn., 1910, liv, 95] 


o7 


Stoch 


virulent 


culture of 


} 


the 


Philippine 


Bureau of 


science 
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April 5 ( tures from throat taken on April 4 positive, but few diphtheria 
bacilli ere found 

Apr f Culture of April 5 negative 

April uv Culture of the 6t it and Sth negative Examination made by 
the Tropical Boar ind Bureau of Sclenes Case released from quarantine 


April 10: Throat cultures inoculated into guinea-pigs by Dr. Teague showed 


no reaction in pigs unprotected by antitoxin other than in those protected by 
antitoxin 

April ll: All treatment stopped 

April 24 Numerous cultures examined by the Tropical Board and Bureau 
ot Science i negatiy 

Clinical Note On March 28 Miss B. complained of paresthesias of the 
extremities It had also been noted that, while there was no paralysis, her 
throat was very insensitive It was feared that unless Miss B. had a good 
supply of antitoxin in her blood the large number of bacteria in her throat might 
be manufacturing enough toxin to produce serious nerve lesions Dr. Ruediger 
of the Bureau of Science made the following experiments with her blood serum 
and found that she was almost entirely unprotected I intended to give el 
weekly doses of antitoxin as a protective measure but the elimination « the 
bacteria by the staphylococcus made this unnecessary 

Dr. Rue er’s Test of Patient’s Serun lo ten times the minimum lethal 
dose of toxin varying quantities of patient’s blood serum were added. The mix 
tures stood for one hour and were then injected under the skin of 250 gm. guinea 
pigs In a control series normal human serum was also inoculated with toxin 


raABLeE OF TESTS OF PATIENT’S SERUM* 
Serum Serum 
Cu Result C.c Result 
] animal lived ] inimal lived 


0.8 animal lived 0.8 animal lived 

0.6 animal lived 0.6 animal lived 

0.4 animal lived 0.4 animal lived 

inimal lived 0.2 animal lived 

0.1 animal died 0.1 animal died 

05 animal died 0.05 animal died 

0.025 animal died 

0.0125 animal died 

*Ten times the minimum lethal dose was added to each dose of serum 

| er te « n n the ; ompal ne ta ‘ r te + t ten times 
{ minit 11 dose of toxin was neutralized by 0.2 « of patient's 
serum am : 0.2 c.c. of normal serum, whereas in neither patient’s 
nor in n was 0.1 cc. enough to neutra this amount of 
4 . 
LUA 

This t I ntly exact to 7 e that Miss B. was 1 manufac- 
turing ant ns in much, if any greater, amounts than normal person 

hese ¢ ents are ven in deta to emphasize a point that has 
received but ttention, viz: that a carrier of « therit ma 
have pract » protection in his blood serum against the toxin that 


must constantly be elaborated in his throat and, as this toxin is a nerve 


poison, steps to prevent serious nerve lesions are imperative. 





; 
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In conclusion I wish to state again that Dr. Musgrave suggested the 
I 1 the itory experiments 


t treatment ol 10 possibie 
SUMMARY 
1. A sanitat survev should be made after eve dipnht 1 out 
rea ») elln ite carriers, whe er the e human or anima 


3. By animal inocula n a distinction shou ‘ vetween t 
virulent and the “morphologica carrier 

!. Four negative daily cultures are necessary before quarantine is 
raised. 

5. Treatment of carriers has heretofore ] n useless. Local meas 
ures, while necessary, fail to influence the virulence or duration of the 
baci \ntit n s no influence on the bac s in a carrie! 

a) P { ( tures ¢ Stavphny s py nes ( reuUus Sa) ¢ n 
throats has, in seven cases, now reported, destroyed the Klebs-Loeffl 

i In Carriers 1n lorty-elg to seventy-twe urs 

?. This method of treatment is harmless and sho e used in all 
cases of carriers.** 

~ | is met od has e! ound useful lime ite aiter convales- 
cence rom an a e atta 

9. It is probable that its use during an acute attack of diphtheria 


would be successful. 





28. A doubt has been expressed as to the safety of inoculating throats with 
virulent Staphylococcus pyogenes aureus, as was done in this case inc } 


rts that it has beer ised bv the 


above was written Musgrave of Manila repo 


members of the Philippine Bureau of Science without any disagreeable resu 
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H THE COMPLEMENT- 
TINATION REACTIONS 


f 
— 
et ee 


NEW Y x 
| ted wit n whiecl 
i he i V \ jus : : which 
, , ; . s t 3 » no l 
‘ + YY ’ ( n et () } n 
l Ss 1 > ipp T T t Ss 
try toy g thy val gc 2 t 
} + + « 
( I 3 COr » pres t S a 
! ns t] nt 1 the 
7 na 7 nt tit ) ; 
| ition « \\ nn 1 the 1o- 
1 , : 
5 ed to a genera $ I Ori nies oO 
exter n the «ft . ; 
, 1 4 } 
sé » Be rer i 7 t to t ( es 
I munized to strept that e serum of 
r tod , t } r+ ] 
i i? i Li ‘ i is { ‘ 
< n id ( ins so le 
4 ( ; 1) yt I me \ ( Y te t ’ ting 
+ y + ] rl 
I sa nco! ( ) i ( val 
I ver. spec n ] ; 10 Ww ) 
s whi ad been used to luce e se tested II 
. 
{ ( t I it Wwe ive in the It np me n means o 
> ’ 
epto Besredka and Dopte el ed the reac- 
t ft tever +} Y 14 +] f 
t ( sca eve \ out po ve ts n bot of 
+ } ] } 
t t our-hour res ( r orgar Ss wi sed as 
4 ] + 7 
M ein® later studied scarlet fever with this reaction and 
esults with nine ditlerent tures of strepto i which 
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M 1 Ce New York Aided by a grant from the Con 
Investigation of t American Medical Association 
Besre Ann. de l’Inst. Pasteur., 1904, xviii, 363 
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Mallein, E.: Presse méd., 





Foix, ¢ 1 1907, xv, 777. 
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: 2 

- 

j ad been isolated from the throats of scarlet fever patients. The serum 
( ten out olf tweive patients with scariet lever gave positive reactions 
vhile nine controls, among which were four serums of erysipelas and one 

. navel ant ” } 
puerperal st Ss, gave ne itive results 

* 4 } | , 

; Castex* studied patients with erysipelas, scarlet lever, a streptococcus 

i abscess, puerperal sepsis, a streptococcus pleurisy and a septic arthritis, 

; ; 

; ipparently using the same strain of streptococcus as antigen in all, and 


nemateintane 


expresses, therefore, his belief in the unity of the streptococcus 
In all of these studies fresh living cultures were used as antigen 
Investigators of the German school under Wassermann’s leadership have 
sed extracts of bacteria in place of the living organisms, and have shown 
at such extracts are more satisfactory. 
Leuchs and Schéne® demonstrated clearly that the most satisfactory 


of extracting tvphoid ba i was by heating to 60 C. for twent yur 


ours, and then shaking at room temperature for a like period. By pre 


lon-typhoid group can be distinguished by the f re 
In all antigens used in the fixation reaction two p es are present 
rst, anticomplementary; second, fixing. The anti ement prop 
4 erty causes a non-spe c dest n ot comple t I ropert 
$ specif ence the most desirable antigen is one that ve the 
maximum <¢ I tion wit the mini m oO i] I tion 

To the solution of this problem the present studv is devoted 
sefore describing our method of preparing these antigens, the method 

of complement-fixation as used by us will be given. 
TECHNIC OF COMPLEMENT-FIXATION 
REAGENTS 

1. Complement. Fresh guinea-pig serum in the quantity of 0.05 c.e. 


made up to 0.5 ¢c.c. with normal salt solution. 
2. Immune or Normal Rabbit Serun The serum was heated to 56 C 


one-half hour, and used in diminishing amounts, so diluted with salt 


3. Antiqen.—(See below). 
1. Red Blood-Cell Suspension.—Defibrinated sheep’s blood was washed 


three times with salt solution and made up to 5 per cent. suspension with 


M. R.: Presse méd., 1909, xvii, 324 
5. Leuchs, J. and Schiéne, ¢ Ztsehr. f. Hvyg., 1908, Ix, 149 
6. Leuchs, J.: Berl. klin. Wehnschr., 1907, xliv, 68 
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was so that 0.5 of the dilution represented two hem¢ lytic 
units. ‘J é t ! was determined each day. 

Aft oe the nt. rabbit’s serum, and antigen, all the 
tubes we ed to 1.5 « normal salt solution, and incubation 
carried o1 i 7 ( or one hour. The red cells and 

en : the 11 ation continued another hour 
aft es were a n the refrigerator over night and the 
r rs I ing. The controls are shown in the protocol. 
2:0TOCOL 1.—COMPLEMENT-FIXATION METHOD 
| Com- He- 
Antigen ple Sheep mol 
Rabbits’ Serum (Inactivated). (Bacterial Extract). ment, Cells, yom, © 
| “ee. on | on 
With deere 0.5 | Al | 0.5 | Incu- 








vided into two 


vacuo over sulphuric acid. To the other half was added 60 c.c. sterile salt 

solution and 0.5 per cent. phenol This mixture was well shaken, an 

d ed into fe equal portions, A. B. C and D, and treated as follows 
_— — Eo 


Controls 


portions, one-half of which (E) ws 


0.9 tubes ( ( 
With cons 0.5 filled 0.5 0 
os 0.5 to 0.5 0.5 


ubation 


Nor l se wit e serul As with immune serum 0.5 1.5 e. 0 ( 
| 0 with { 0.5 
2 max e sé 0.5 sa € ) 0.5 
max i ser 0.5 Im 0.5 0.5 
maximum amount ).5 bation ( 
.| { 1 hour 0.5 0.5 
| 0.5 at 0.5 
| 
| 7 de ‘ 0.5 
grees ( 0.5 
*C. H. indicates complete hemolysis 
¢+No H. indicates no hemolysis 
THE Pl ARAT N F ANTIGENS 
Kat n t study the bacteria were grown as follows: On 
suriaces n agar wert placed 1.5 « st le horse serum and 
of a twent r-hour bouillon culture streptor and in 
allowed r twenty-four hours The resulting rowth was remover 
sterlie 8s; so] on and centriiu ed 1i ter wl l the superna nt 
was t I » with a pipette and the residue a n washed. The 
of washings were united and saved for testing. The residu 


bation 


con- 


tinued 


1 hour. C. H. * 


Then 
on 
ice 

over 
light. 
larg 

9 ex 


e 


Result. 


C. H. 
C. H. 
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pension of whole bacteria gave fixation in 
st anticomplementary and 


le none of 


ith the normal serum. The extract made 


most complete fixation in proportion to its 
| 


' : . 
preparations and experiments were made with a culture of 
is aureus. The final results are shown in Table 2. 


TERMINATION OF 


FERENT FORMS OF 


ANTICOMPLEMENTARY AND FIXING POWER OF 
STAPHYLOCOCCUS AUREUS ANTIGENS * 


Antigen B Antigen C. Antigen D Antigen E. 
Mkd. I Pass Eu ccces BE. Zuccccccs OC. H.t 


Gi. Mcccocce) GR Bacscccece! Ge Biceceses O. H. 


oC. I . ; Gh Becseccoel & & 
C. I Cc. I vtenel @ Bucossssel & & 


Cc. I Cc. I .. Mkd. I... Mkd. I. 


Mkd. I.. Mkd. I Part I Part I. 
Mkd. I Part I ool GB. Buccccscee] & EL 
8). I... Part Ticcecs| BE Eccccees| & FT 


Sl. I BL. I...000 BB. Zecescccce] & E. 


Mkd. I Mkd. I....... Mkd. I......| SI. I. 


Oi. Baeccosece| GA. Becccccce| GQ Mocesoves Oo. H. 


ns same as in Table 1. 


Antigen E caused par 
? 


st marked. It de 


ye 
} eat annie 


‘rom dried bacteria. 


omplementary ac 


tion in anticomplementary power of normal serum, 


tial inhibition. 


tion of the bacterial suspension was here 


reased in the heated extracts in proportion 
1. and was the least marked in the extract 


Che fixing power of the | 


atter extract was 


chest compared to the anticomplementary power. 


as the 


iting. has been noted by manv in the Wassermann reaction 
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for sv} s We have tried the effect o I ng on the a ) iry 
substances in the fluid in w the bacteria were washe It was found 
that this fluid was ve anticomplementary, so part of it was dried in the 


same way as the bacteria, and afterwards made up to or 
with sterile water plus 0.5 per cent. phenol. Water was used in order to 
maintain the same salt tonicity. The anticomplementary power of both 
preparations was then determined. For the original solution this was 
0.05 c.c. and for the dried substance 0.2 ¢.c. Thus, the anticomplementary 
power of the dried form was only one-fourth of that of the original flui 

To determine whether any of the fixing substances had been dissolved out 
of the cocci in washing, the two solutions (dried and original) were tried 


to have but little more 






ixing power in antl it the anticompiemen- 
tary action of the washing fluid is due to the presence of horse serum and 
bouillon has been shown by the following experiment One al i! 
a mo) how . ] id 
CA norse s¢ mand «& Ca s ( oulon were piaced on plaln agar and 


salt solutic tha 1 been used to wash the bacte The ant mole 
menta nower ¢ T s so Clo! was t} same Ss Tt T yf the flu nw ( 


washing | ria W are to be sed in the fixation te It also ind 
cated the advisability of g ng the bacteria wit t the tior 
horse serum or an ¢ i) I So, for the remainder ¢ W 
bacteria wer gTOWN as ollows 

he organisms grown for twenty-four hours on agar were mixed wit 
1 small amount of s es £0 ( al spraye np na 
pans with the aid of an ator After i tion for twe S 
the plates were flooded with 0.9 per cent. salt solut nd the icteria 
scraped off A 7 t was thus tained consis r ind salt 
solution o1 Particles « I pr t n 
if 8) riass W 1 and the icterla we l W S I 
trl clng 

By this method, the five different m ( 1 ( I I 
A, B, C, D, and ] ere agall ly t t 
cus, and tested as in the expe t S ( 
also that t extract E was t east ant the 
ratio of fixing power to anticomplement g n this 
l than an ot I 
extrac n ¢ teria in t pre itior n n i S t 

ition test, 1s s wn to ( I OT II ng a S ng t 
s tlor 

This method of extraction « ss 
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1. The bacteria can be grown in large quantities and after drying 


, 
can ( ept indetinite and resh ext ts made Ss re ed, 
2 i 
2. Al of extracts from Ter stral icteria can be pre- 
pared that 1 ilation 
same length of tim 
' , 1 ri , 1 
}. The extracts can made up weight, and hence are more com- 
paranit { nother than those 1 ) V Ve me ¢ e) sing the 
rowt rface of media of a given size. Different strains of 
t t so n in their ind abundances growth, that it 
5 sat { to ust igar culture ( a certain § S a standart 
Ir ; we there y ; or nisms we re non? n 
aga ed, and dried in vacuo over phenol, and kept in this dried 
stat t sed lhev were then extracted as follows 
LD) 1 wer ound nor! salt ition (containing 0.5 
| )int Dl ) yf O.0F ! to 1 cx Che mixture 
Wi if ~ } | en 1g a 
{ ‘ ‘ I ted into da rown. t tly 
( ne I I! 1 ie tra S OL the erent organ- 
is! \ 1s taneo sO I t the ag the extracts 
W ~ 
in a e iixation test it if ) ng organisms were ust 
No. 1 The Diplocoeccus rheumaticus of J. W. Beattie, sent to us by Dr. Ruth 
runnicliife, of t Memorial Institute for Infectious Diseases of Chicago In 
broth it « s in pairs (which are spherical or slightly elongated), or in chains 
of four to eight, or in clumps of four to eight. It does not liquefy gelatin. Milk 
is ¢ ilate it the end of seventy-two hours Litmus agar plus lactose 
becomes acid, but in the same medium plus inulin the reaction is neutral. In 
blood r plates the colonies are small and greet 
Ne 2 \ streptococcus, isolated fron 1 rheumatie joint, obtained from 


| 
Dr. Bertha Anthony, of the Research Laboratories of New York City Board of 





Heal In broth it « rs as cocci in pairs and fours. Gelatin is not liquefied 
ind milk is not coagulated by it. Litmus agar plus lactose becomes acid, but 
t same ~ ilin remains neutral In bloe igar plates the colonies are green, 


No, ° \ streptococcus, also obtained from Dr. Anthony, isolated from the 





hlood of scarlet fever In broth it oeeurs as short chains of cocci Gelatin was 
not liquefied and milk was not coagulated by it In litmus agar containing lac 
tose eaction was slightly acid and in the same with inulin, neutral In 
blood-agar plates the colonies were not green and did not hemolyze, thoug]l 
originally molysis was noted. 

No. 4 \ streptococcus, obtained from Dr. Anthony, said to have been isolate 
from a tonsil In broth it grows in very long chains l-agar plates the 
colonies are ereen and in this respect as well as in size they are similar to No. 5. 
The organism has been under cultivation longer than No. 5 

No. 5 {n organism, isolated from the blood of malignant endocarditis by 
the agar plate method. In twenty-four hours the colonies (0.5 mm. in diameter) 
appear is greenish-black points surrounded by a clearer green zone No hemo 
lysis occurred Smears showed diplococci, none of them elongated, in short 
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chains and small clumps which were Gram-positive 1 wit! 
sules were never demonstrated with Hiss’ capsule sta 
wel n iring three nd one-! i mor s tror iit 
ascitic bre e < nies were very rer t t iva 
} in twos al e f 1 nad x. s 
lar s ed This organism differ from tr pr 
e I iin var an the « tu ( pt \ t 
serum inulin, W 1 Was tried so r 18 t n, was | t 
end of several iVvs Milk was ec ut ar C tin was t 
a r wit il liin ft Vas a silight 
t i teria ter t ciun 
Ni 6 \ strain of At pi y ( 1 
1 $3 mui In a se litmus er rea 3 
" line 
No. 7 Pneumocs s, isolated from a I sputun 
show P S thet euquest ‘ : of S 
finall ’ ar 7 ' 
f l ss " 1s ‘ ’ . 
we I i : t 
I was us N 3 fc most s sf 
( n fv gelatir liss ili 
n tw fou rs. after the oreanisr 
I i! n la In both t I n I 3 
= t c In blood i pilates t ] ies W é n 
4 | t 7 ; 2 + + 
IMMUNITY EXPERIMENTS 
Ra r 1 was immunize by seve il ons of S 
twelve days alt t last ir n la 5 i tes 
RABBIT 2 1 t e in ns of Strey 3 2 ar 
4 ’ 1 ‘4 ’ 
It \ 1 that h Strept 1 1 and 
Cas =! \ ~ ( | 
isas a n wit eat serul 
Ral ] é tu ctions of Streptoco s 3. but s 
in s t< ecus it ft n had 1 injections f thr 
tiv ( ts en two more 1 tie s W I I 
fi minutes, W no ition. At the f 1 testing t 
was still n itive 
RABBIT 4 had received nine inje ns of Str us 4, 
days after the last injection The serum re ss vn in 
[The interesting fact is heré¢ cht out that the s 
fixes complement with Strepto s 5 to the same degre 
t but with 1 e of the other strey ( The ywt 
7. Method of Immunization Injections of organisms, } 
60 to 65 ¢ for I half hour. were made into t ir vein 
four days Tr} initial ose was 0.5 mg estimated l reasil 
inimal showed a loss of weight the injections wet iscont 
when the ¢ tion of the animal improved Although some 
this treatment, it was found to be accompanied by a lower 
methods 
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TABLE 4.—FIXING POWER OF SERUM OF RABBIT 1° 


Staph 





Amount Serum. |Antigen Strepto- | Strepto- | Strepto- | Strepto- | Strepto ylo 
: c.c. | cA eoccus 1. | coccus 2.| coccus 3.| coecus 4.) coccus 5 ecoccus 
Obie cesccconse | 0.1 B. @. & ©. H. cH. | OH. | OH Cc. H 
| | | 
; re | 0.2 N. CO. I. O. H. O.H. | O.H. | O. H. Cc. H 
| | 


es a Sl. I. 0. H. | OH oO. H. | O.H 0. H 





0.012... cccccees 0.1 CO. H. ©. H. O. H. 











*In this table the results of controls are omitted. Abbreviations same as in 
TABLE 5.—FIXING POWER OF SERUM OF RABBIT ® 
| Staph 
Am t Serum Antigen.| Strepto- | Strepto- | Strepto-  Strepto- | Strepto ylo 
s Cc cc occus 1.|} coccus 2. coccus 3. coccus 4. coccus 5 coccus 
Dbies vcccascscseces ;} 0.1 C. H. | N. O.!I Cc. H Cc. H 0. H Cc. H 
} 0.1 C.H. | 82i Cc. H 0. H 0. H 0. H 
0.02 | 0.1 Cc. 0. H Cu 0. H O.H 
*In this table the results of controls are omitted. Abbreviations same as in 
TABLE ¢ FIXING POWER OF SERUM OF RABBIT 4* 
Stap 
Am t Serum Antigen | Strepto- | Strepto- Strepto- Strepto- Strepto yl 
cA C4 occus 1.| coccus 2. coccus coccus 4. coccus 5 coccus 
I 1 C. H 0. H 0. H C. I Cc. I 0. H 
1 0. H Cc. H ©. H. Cc. I OC. I C. H 
1 C. H 0. H C. H C. I Oo. I 
i | & EH. OC. H C. H Cc. I Cc. I 
' 
1 Cc. H Cc. H 0. H CO. I 0. I 
1 Cc. H C. H 0. H C0. H ©. H 
ad) this table the results of controls are omitted Abbreviations same as l 
TABLI FIXING POWER OF SERUM OF RABBIT 
St ip! 
A t Se 4 ge Strept Strer Strept Strept Strept + 
( s 1 ecus cus coccus 4. | coccus coccus 
0.1 1 0. H Cc. H C. H OC. I CG. I Oo. H 
( 0.1 ©. H Cc. H Cc. H oO. I Oo. I 
1 Cc. H Cc. H ©. H. N. OC. I OC. I 
0.4 0.1 ©. H Cc. H 0. H Cc. H Cc. H 


Pneumo- 
coccus. 


O. H. 


Table 1 


Pneumo 


coccus. 


Table 1 
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f ; { - ) ) } } 
of Strept i 4 and 5 are more nea alike than any of the other 
organisms | ere e, I se two stl l ug oO widely differe nt 
sources i nt Ost elated ( tura nd LO21Cally 

Rapsit 5, which had received four injections of Streptococcus 5, was bled one 
day after st injection and showed no fixation It was then given daily 
in ions of stre for three days and bled the following day. 

This rea l as own in J 7 

| : t col = the the « r itionship etween 
St 5 \lthough t tion was not as marked as in 
| ' ’ t t Two ¢ I ts are rar ill 
’ 
= = ~ ) ror 11 enant endocat tis rt it 
~ t t " ( ~ ( ts ¢ } ) x = 

' t t vat ' n ‘ , y wit stren- 

RA f vel njectior f staphvyl ei and serul is tested 
nin ist Ne I te In l T f ' lvsis was 
note ( f this seru ul 0 of t sta Is € ret 

. " n wit , ¢ tr t 1 ¢ neulr 3 

ri i ri ions of pr mococci at four I vals, and 

waa } fter the last in j ition Ls « ned Daily in 
1 I ree i result r th entire 

ro I heated ¢ ! tes is iniecte 1 two sue 
Y itive re l \T r 1 tu nterval!l ot t o days 

I ' I t n marke n ion in the strength of 
0.1 1 i ‘ t i Uf ) I U.0Lo i xatle l \V t in of t > 
< t sta] v lococ is 

r ° ! 3s were monstrated in s out of seven 

il l 

S treat thy res nor er r 
. 
ed the sence ¢ t S W rm ( 
‘ ‘ se of Rabbits 4 and 5 Because of the cross-re¢ on 
: 

et n two serums and their « esponding ext ts 3 Ver 
) e that the two stralr of strent ire s | ill the other 
( the vas spe 


THE CONGLUTINATION REACTION 


} 


l “iy tic serum and f n (complement). Bordet 

I S 1 later studies on this s tance. gave to t name 
Streng?® continued these studies with bacteria and found 

that a t lumping was produced by the mixture of bacteria, fresh 
comple! a nglutinin and a specific immune serum from which the 


8. Bordet, J. and Gay, F. P.: Ann. de l’Inst. Pasteur, 1906, xx, 467. 
%. Bordet, J. and Streng, O.: Centralbl. f. Bakteriol., 1909, xlix, 260. 
10. Streng, O Centralbl. f. Bakteriol., 1909, L. 47. 


nt 





i To 














PO tte 2 tase 





H. F. 


] t 
r 
was 3 
s ne 
{ 
~ \ i. ‘ Y 
Wa 
; or 
{ 
Tiy 
( f e 
{ ‘ 
‘ \ ; 
} 
suspended 
mal salt s it " 
} 
rn) ; nt 


Fitzgerald 
iry Dysentery 
liv, 441. 


( aysentery 
] + + 
a t s reactio t 
sp than elthe 


J 


SWIFT—W 


G. and Sel 


Infectious Di 


ixture has been use 


in Hospital (New 


agglutination t« 





t 


} 


wit} sati 


5 


THRO 





| 








36 THE ARCHIVES OF INTERNAL MEDICINE 


Immune Serum.—This was the same as was used in the fixation tests, 
diluted so that 0.5 c.c. of the dilution represented the actual amount of 


serum, 


PROTOCOL 2.—CONGLUTINATION TEST WITH STAPHYLOCOCCUS AUREUS 














Immune Complement. Conglutinin, 3acterial Emul- Normal Saline, 
Rabbit Serum  % C.¢. | c.c. sion, ¢.c. cc. Result. 
( 0.05 0.1 0.1 0.5 oe tT? 
25 0.1 0.1 0.5 eee ++ 
0.012 0.1 0.1 0.5 eee ++ 
0.006 0.1 0.1 0.5 ° + 
0. 0.1 0.1 0.5 +— 
( ) 0.5 0.2 _ 
( 0.5 0.2 _ 
Normal 
| Rabbit Ser 
0.1 0.1 0.5 e —_ 
2 ( 0.1 0.1 0.5 — 
= 0.1 0.1 0.5 0.5 — 
o 0.1 ‘oa 0.5 0.6 - 
0.1 0.5 0.6 — 
\ 
0.5 0.7 — 
' 
( plete el and complete clearness of fluid 
M ed cl n d slight cloudiness of fluid 
Slight el ping and cloudiness of fluid. 


It will be noted that the agglutination reaction is a necessary control. 


After the various dilutions and control tubes were filled, as shown 
in Protocol 2, all the tubes were made up to 1.2 ¢.c. with salt solution, 


incubated at 37 C. for two hours, and allowed to stand at room tempera- 


ture over night before the readings were made. We found that the reac- 
tions were sharper after this procedure than when the dilutions were 


merely allowed to stand twenty-four hours without incubation, as recom- 


mended by Lucas, Fitzgerald and Schorer. 
The results of this study are shown in Table 8. 


The test could not be tried with the serum of Rabbit 4, because Strep- 


] 7 


tococcus + emulsion showed spontaneous agglutination. The results wit] 


the serum from the staphylococcus rabbit are shown in Protocol 2. This 
. . 1o* ; 


serum gave conglutination only with the staphylococcus emulsion and not 


with emulsion of the streptococci and the pneumococcus. 


lumping in the conglutination 
than in the agglutination test. The agglutinins caused clumping of 


In these few trials we found little more « 


streptococci generally, but were not specific for any particular strain of 


streptococcus. With Serums 1 and 2 the conglutination persisted in 


G 


— 
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———— 
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higher dilutions than the agglutination, and was, 


Serum 5, slightly more specific. 
The distinct reaction with the staphylococcus proved it the co 
tinin was active and that the glycerin did not prevent the reactio1 





of Strepto Strepto Strept Strepto 
Se coccus 1 ecus coecus occus 4 
RABBIT I. { 0.05 ++ } 4 
0.025 4 } 4 
Conglutination: 0.012 
0.006 Spon 
| 
tane s 
0.05 + 
Aggl ation: 0.025 4 4 gelut 
| 0.012 = 
nation 
RABBIT 2. { 0.05 r ,4 
0 5 Senne ++ all 
Conglutination: ;{ 0.012 
we tubes 
| 0.003 -_ = 
and 
f 0.05 
Agglutination: { 0.025 with 
| 0.012 a 4 
normal 
RABBIT 5. { 0.05 4 4 
0.0°5 = salt 
Conglutination: { 0.012 
| 09.006 + solu 
| 0.003 
{ 0.05 — + +4 4 
Agglutination: ; 0.025 + } 
{ 0.012 —_ . . 
SUMMARY 
rm} , 7 9 

1 [The conglutination reaction ir r hands ha 
creater value in the differentiation « various strain 
t igclutination reaction 

2. Although the congluti1 n and agglutina 
cific for streptococci. thev are not snecific for ind 
tococcl Our experiments. however. are not sufi 
definite conclusions on this point. 

3) «The best extract of streptoco for ( 
ment-fixation test 1s that prey ired by d I I 
crinding and sl iking them f r twentv-four | rc 

1. Immune b lies. enecifie for different strains 
demonstrated | means of the complement-fis 
that | the use of this test we ] e a means of s 
toco : infections 
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CONGLUTINATION AND AGGLUTINATION TESTS 
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A REPORT OF FIFTY EXAMINATIONS OF CEREBROSPINAL 
FLUID WITH SPECIAL REFERENCE TO THE 
CELL-COUNT 


ADDISON BYBEE, M.D. ann W. F. LORENZ, M.D. 


ELGIN, ILL. KANKAKEE, ILL, 


In view of the fact that the technic employed for the examination of 
the cerebrospinal fluid varies greatly in the hands of the individual inves- 
tigator and gives in consequence such discordant results, we have endeav- 
ored to develop a technic which shall have the advantages of uniformity 
and reliability, together with the simplicity requisite for ordinary bedside 
employment. 

REVIEW OF METHODS 


The methods in common use at the present time for both quantitativ 
and qualitative estimation of the cell contents of the cerebrospinal fluid 
are three in number. The first, the so-called French method, developed 
by Widal, Sicard and Ravaut, depends on the use of the centrifuge. The 
second, the cell-chamber method, was first introduced by Laignel-Lavas- 
tine and subsequently modified by Fuchs and Rosenthal. The third, that 
of Alzheimer, requires the use of a microtome and the necessary technic 
for tissue staining. Each has its advantages as well as disadvantages. 

The Alzheimer method is obviously too slow and cumbersome for a 
routine measure. As a means of determining the number of cells present, 
it is subject to all the criticism offered to the centrifuge method. For cell 
differentiation no method has yet been developed that is as satisfactory, 
but the process is too time-consuming and technical for a routine measure. 

The obvious errors encountered in the French method were recognized 
soon after its introduction. They may be briefly summarized as follows: 
4 The cells show a tendency to collect in clumps. 2. Mary of the cells 
will adhere to the bottom and sides of the centrifuge tube. 3. The size 
of the drops delivered from the capillary pipette will vary, as will also the 
area covered by the drop. 4. The speed of operation of different centri- 
fuges, and consequently the length of time necessary for complete sedi- 
mentation, varies. 

In order to overcome these difficulties, various modifications have been 
made by different observers to obtain a better mixture. Nissl advised 


blowing out the sediment from the capillary pipette and allowing it again 


to be drawn up. Merzbacher used a bulb-ended pipette for the purpose ol 


securing a better mixture. E. Meyer rubbed the sides and bottom of the 
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tip of the centrifuge tube with his pipette in order to collect as manv as 
vossible of the cells. Kafkat has suggested the division of the droplet of 


; 


sediment into two equal parts and spreading each portion over a square 
centimeter of surface on suitably prepared cover-slips. He further empha- 
sized the necessity for determining the length of time required to throw 
1] 


down all the cells by the particular centrifuge used. 


It was found to be quite impossible to recover all the cells collects 1 at 


the bottom of the centrifuge tube. After the removal of the original 


contents, a washing from the bottom of the tube with a small amount 


of cell-free fluid dried on a cover-slip, fixed and stained, invariably 
resented a cell content varying with the degree of lymphocytosis. Fur- 
] A ym} 


thermore, we have frequently failed to obtain any degree of uniformity 
of cell mixture. Often a field is observed showing a count as high as 
forty or more cells, while a field directly adjacent may give a count of 
two or three or even none. This uneven distribution of cells makes it 
imperative that a large number of fields be counted. An average com- 


puted from a count of ten or twenty fields would not be a fair estima 


Consequently in this investigation we have made it a rule to count at least 
fifty, frequently one hundred. 

The standardization of the particular centrifuge by each investigator 
we believe to be practically impossible. The density of t ce TOS] 
fluid varies from case to case, and consequently the difference in density 
between the cells and the fluid on which the centrifuge depends for 1 
precipitation of the cells must also vary. If the observation by Fischer,? 
that the cell content of the cerebrospinal fluid varies greatly at different 
levels of the spinal column, be confirmed, as it is by our own limited inves- 
tigation in this direction, it must be conceded that there can be but slight 
difference in the de nsity of the fluid and that of the cells Fischer found 
that a higher cell count may exist at the lower level of t 
vertebre than that which obtains at the lower border of the fourth. Con 
sequently, in cases in which this difference in density is slight, the 
centrifuge cannot be expected to throw the cells down in the same limit 
- ay 


of time as in cases in which 


, oe 
e difference 1s 


’ nee 

In a series of thirty cases this point was given special attention. All 
cases were treated similarly, each fluid being swung one-half hour at a 
rate of 1,200 revolutions per minute, two specimens being treated simul- 
taneously. In fourteen cases this time and rate of speed were ample to 
throw down all the cells. The remaining sixteen cases, however, did not 
give the desired result, as was shown by the examination of the super- 
natant liquor. Often the specimens treated simultaneously would show 
discordant results, one still presenting cells in the supernatant liquor, 


1. Kafka, V.: Monatsch. f. Psychiat. u. Neurol, 1910, xxvii, 414 
2. Fischer, O.: Monatschr. f. Psychiat. u. Neurol., 1910, xxvii, 512 
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the other a perfectly cell-free fluid. We wish to direct attention to the 
fact shown by the accompanying chart, that the cases giving unsatisfac- 
tory results were not always those with a high cell count. Cases 7, 23, 29 
and 36 had a count of over 50 cells per cubic millimeter, yet the superna- 
tant liquor was free from cells. On the other hand, Cases 9, 18 and 47, 
all having cell counts of 19 or less per cubic millimeter, still showed 
cells present in the fluid after centrifugation. Case 47, it will be noted, 
presented only 2 cells per cubic millimeter. 

The shape of the centrifuge tube used is another source of error. 
The tubes employed in this work were of three types. The first was a 
sharp-pointed, gradually tapering tube, holding 15 c.c. of fluid. With 


this instrument we obtained results more nearly approximating those given 
by Rehm.* Kafka,? and others. The second tube was of the same size, 
but of a blunter point. This was found to give results not so evenly posi- 


tive as the first type employed. Finally we had a tube made with a 
capillary tip, and this likewise gave results varying widely from the 
count obtained by the chamber method. The distortion and fracturing 
of cells in this method is a feature not to be ignored. 

We are told by Rehm,’ Cornell,* Kafka,’ Fischer, Fuchs and Rosen- 
thal, and other authorities who have employed the cell-chamber method, 
that there may be normally present in the cerebrospinal fluid from no cells 
to 5 cells per cubie millimeter. With this in mind it is obvious that 3 c.c. 
of fluid may contain 15,000 cells, so that, were the centrifuge effective 
and the subsequent collection without fault, this number of cells would 
be present in a small droplet or a measured area on the cover-slip. Con- 
sequently positive cell counts would be expected in negative cases. This, 
however, does not appear to occur. Indeed, negative counts, as shown in 
our table, occur in positive cases, and the inferences would seem obvious; 

; , 


own or not entirely recovered 


either the cells are not entirely thrown d 


The cell-chamber method was first emploved by Laignel-Lavastine. 
This investigator first centrifuged the fluid and then used the ordinary 
Thoma-Zeiss blood-counting slide. This procedure is obviously open to 
the same criticisms as the centrifuge method. Some years later Fuchs and 
Rosenthal devised a method much used since. In their technic they fol- 
lowed the suggestion of Laignel-Lavastine in the matter of the use of the 
counting chamber. They employed the white blood-cell pipette, with 


their stain, which consists of the following: 


Methyl violet nee we 6 0.1 
Glacial acetic acid ..... a 2.0 
Distilled water enough to make ............... 50.0 
3. Rehm, O.: In Nissl and Alzheimer’s Histologische und Histopathologische 


Arbeiten, 1909, iii, 201. 
4. Cornell, W. Burgess: Am. Jour. Insan., 1908, lxiv, 73. 
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This they drew up to the 0.5 mark and then drew the fluid to be 

amined with this stain into t diluting-chambe1 These investigators 
nave adevist l l ( I ne I \\ ( . 
the ordinary blood-counting chamber, beyond that it contains a larger 
quantity of fl In this counting-chamber the ruled space is 4 m 

— 4 - = } ) —_ , 
square ali¢ US Pull S U.c I > & S L IS J. ni 
Corne |4 has luced serlous ¢ ject ns to this meth | The ¢ ( In 
+ ] ; 1 + f 

that erythrocytes will take the stain. He has suggested instead the f 
polychrome m« en le in same ann 
narv blood-countine chamber w Tiirck’s ruling. counting at + 4 ; 
specimens. Kafka has likewise offered the same objection to the Fuchs- 
Rosenthal me 1 and suggests taking 10 drops of cerebrospinal fluid in 
a small pointed glass, and adding thereto an equal-sized drop of a 2, 4 or 
ne - os P } aad Sod 
» per cen SO n of glacial acetic acid colored with methvl violet, 


draws attention to the fact that « long standing the red cells take the 
stain. 

It can be seen from the previously desi ed objections and m« ca 
tions that the s-Rosenthal method is by no means perfect In our 
hands, as well as in those of the investigators quoted, the red cells wer 

requent mit yr less stained, renderu S e to 

T e suggestion o Corne] t to Ise po ( rr I lene )] e g es lat 
results in our hands. To overcome this difficulty we experimented w 
many stains, all of which prove nsatisfactory for cell-chamber use in 
this manner, except the Fuchs-Rosenthal stair ised as escribed nde 


’ 

- 

- ne 
r) 
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pipette is again thoroughly shaken and five Thoma-Zeiss counting-cham- 
bers are filled from this pipette and permitted to stand for one-half hour. 
At the end of this period the entire number of cells within the square 
millimeter of ruled surface, as well as an equal surface outside of the 
ruled space of each chamber are counted. This can readily be accom- 
plished by the use of an Ehrlich eye-piece. We then have the number of 
cells in an entire cubic millimeter of cerebrospinal fluid. In those fields 
showing a small cell content, two or more cubic millimeters of fluid have 
been counted to insure greater accuracy. The calculation of the number 
of cells in the cubic millimeter is simple, since the dilution of the fluid is 
only slightly more than 1/200. In our work we ignored the dilution and 
considered the number counted in the cubic millimeter as the actual 
number present. In following this technic one is constantly impressed 
with the regularity of numbers appearing in each counting-chamber. 

The specimen taken in the centrifuge tube to which is added 3 drops 
of a 40 per cent. formaldehyd solution, according to the suggestion of 
O. Fischer,’ is swung at a rate of 1,200 revolutions per minute for a 
period of one-half hour. The specimen of the supernatant liquid is then 
taken by means of a newly drawn pipette, which is introduced into the 
column of fluid so that the fluid taken is from a point at about the 
juncture of the middle and lower thirds. The droplet is blown out on a 
freshly prepared cover-slip, permitted to dry in the air, subsequently fixed 
and stained and a careful search made for cells. 

After removing this specimen of supernatant liquid the tube is 
inverted and permitted to drain thoroughly. The residue is then drawn 
into a freshly prepared pipette. The suggestions of Nissl and E. Meyer 
are followed and finally the contents of the capillary pipette are marked 
off into equal parts. Each part is spread over a square centimeter of 


] 


surface on two freshly prepared cover-slips, in this respect following 


the technic of Kafka.t. After drying in the air the film is fixed by 
absolute methyl alcohol, washed in distilled water and stained for ten 
minutes in a weak Delafield’s hematoxylin (5 drops to a watch crystal of 
distilled water). It is then washed in distilled water and permitted to 
remain in tap water for a few minutes. The excess of stain is removed 
by immersi! Gg for a few seconds in acid alcohol (one drop of dilute hydro- 
‘ic acid in 50 drops of 70 per cent. alcohol). After thoroughly wash- 
ing in distilled water the film is placed in a weak aqueous eosin solution 
(six drops of a 0.5 per cent. eosin to a watch-crystal of distilled water) 
for four or five minutes. The film is washed in distilled water. dried 
between blotting papers, then high above a flame and mounted in cedar oil 

The film stained in this manner was used for the most part for field 


and differential count. A number of films were stained with Jenner’s 


5. Fischer, O.: Prag. med. Wehnschr., 1904. 
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stain for this same purpose. The field counts were made for the purpose 
of comparison with the cell-chamber counts, the object being to determine 
the relative value of these methods in the quantitative estimation of the 
cells present. Their comparative values is well shown in the accompany- 
ing table. It may be noted in passing that Jenner’s stain was rendered 


useless for the films when formaldehyd had been added to the fluid. The 


field-counts were made, using a 1/12 oil immersion lens (Zeiss) and a 
22.5 mm. eye-piece (Zeiss). 
CELL TYPES 


There has been considera le el 


ort on the part of investigators to 
differentiate the cells appearing in the cerebrospinal fluid, with wid 

varying results. Some describe only three varieties (O. Fischer*), while 
others find as many as six types, besides a group of unclassified cells. 
Rehm* finds great variations in the cell picture and classifies in a special 
manner. He describes, besides large and small lymphocytes. plasma cells 
and polymorphic elements, a cell having a large lobed nucleus showing 
manifold and complex shapes, four or five times the size of a small 
lymphocyte and having only a slight rim of protoplasm. He also finds 


two groups corresponding respectively to the large and small lyn phocytes 
but with a much greater protoplasmic body, showing branchings and 
drawn out processes, with nuclei which stain more lightly and are also 
irregular in shape. Under the name Gitter (or lattice cell) is described 


by the same author a further type. Thus this author adds four types to 


the many cells already described as occurring in the cerebrospinal fluid. 
From the above we think it fair to infer that the shape and staining 
pictures as described in the literature, as well as the names applied to the 


individual elements, are often largely dependent on the method emploved 


and the taste of the investigator. As before stated, the methods emploved 


fter centrifugation and still others the A elmer method The Alz- 
heimer method was not used by us as a routine measure, for the reasons 
] 
given above. 
The cell-chamber method as employ Fuchs and Rosenthal, and 


Cornell was not satisfactory for the purpose of cell differentiation. The 


dyes suggested by these authors and used according to their method 
=e f 4} ] 1] } 

nvariably stained many of the red ce Ss. W are aimost always present 

to a greater or less degree. Often red cells and nucleated elements. 

apparently of the same type, were stained to different depths. This may 

have been due to the fact that the column of stain pushed into the dilut- 

ing-chamber of the pipette by the oncoming cerebrospinal fluid was at 


6. Fischer, O.: Jahrb. f. Psychiat. u. Neurol., 1910, xxvii 


~~ 
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first ent rely too concentrated for the red ce 


lls to resist, and it may also 
account for the wide variation in the depth of staining of the nucleated 


elements. \ltho igh this difficulty was not encountered when we followed 


our method of using the Fuchs-Rosenthal stain, yet differentiation of 
the nuclear elements was not so readily made, nor were the six types to be 
spoken of later so clearly defined as in the film preparation. 


The staining of films after centrifugation is widely practiced. The 


| for hlood wi rk, Leishman’s, 


stains commonly used are those employed 
Wright’s, Jenner’s, Nocht’s and eosin hematoxylin. 

Jenner’s blood-stain and eosin hematoxylin, as suggested by Kafka,’ 
have been used by us exclusively in the fiftv-one cases shown in the accom- 
panying table. Cases 1 to 6, and 41 to 46, in lusive, have been differen- 
tiated by means of Jenner’s stain; all others by the use of eosin-hema- 
toxvlin. as described under “technic.” A reference to the table will show 
a variation in the number of plasma cells present with the two different 
methods of staining, greater than it would seem fair to suppose to be due 
to case variation; it emphasizes the lesson that we cannot as vet compare 
the results obtained with different stains and different technic. 

In the differentiation of the cells in this series we have frequently 
seen elements partaking of the chara teristics of two or more of the cell 

] } 


3 arbitrarily decided on by us as a suitable classification. From 


rT 
i i 


a study of the des riptions and illustrations in the literature, we have 


« 


felt that indecision in classification was by no means peculiar to us. For 


OU} 


instance. in Stoddart’s*? “Mind and its Disorders,” is an illustration by 
Dr. J. G. Phillips, in which he points out side by side a plasma and an 
endothelial cell. It is indeed difficult, if not impossible, to see any differ- 


ence in these cells. One cannot be sure that the stress of centrifugation 


the manipulation, both chemical and physical, used in embedding 


and 
and staining has not given these cells their exceedingly slight difference 


in appearance. Moreover, there is little or no difference in the tin 
torial reaction of these two elements, such as is supposed to occur in the 
two groups of cells in question, 

The two cells pictured in this same illustration as endothelial cells 
might well be called plasma cells, descended from an endothelial parent- 


age, as suggested by John Turner.’ To be sure we do not find in the 


nuclei of these (endothelial cells) the deep red nui leolus usually figured, 
but they are not always seen, as ‘Turner shows, neither are they 


found in the other plasma cells figured in this article. Further, 


the “bitten-out appearance” with the reniform and eccentric position of 


the nucleus. described by Turner as occurring in the plasma cells, are 
7. Stoddart, W. H. B.: Mind and Its Disorders, Blakiston’s Son & Co., Phila- 
delphia, 1909, p 208. 


8. Turner, John: Rev. Neurol. and Psychiat., viii, 151. 
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4“. 





J nnaneci 
uu unquest 
questionable transitional cell It would be easy to illustrate the dive 
sitv of opinion and uncertainty of writers by quoting from other authors, 


but enough has been said to demonstrate this point 


aescrive Here n the orate ( re ency ¢ occurrence as reve ed wit the 
. 
eosin-hematoxyviin stall 
1. Small lymphocytes 
2. Plasma cells 
3. Polymory iclear ¢ ents 
$. Large lymphocytes 
5. Degenerate cells 
6. En thelial cells 
Small Ly ocytes Cells this tvne ( e cen , 
r ) 
They appear as sma round cells ng in size I S t ess to 


nucleus w little or no pre SI] Che larger cells of this group ofte1 
stain less deep! than the sn el Celis « iD ent the same Class 
oO F ’ { 

} isn | ey range I the cases ere presel ? 19 t ’ ) nt 
and average 61.5 pe ent 


but does not approach the i : Occa 
sionally it is violet The 1 eus, as figure ! < ( \ 
ously shaped. It is often round or oval. and ¢ sionall rawn out into 
. I 

a finger e bod) At o tiy < Ter g times it annears 
ndistinctly lob« It is us eccent t 
slight removed from t C of th 3} Ss 1 g 
often seen w only a nai sthmus ! ng the nucleus a the 
( ll 0 | S ~ . my SK ( eT | ‘ ] n iT 
material \ a surroul i elo } topias! Ph t 

varies, sometimes taking on a deep rose-re t times it stains 
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} 


much more faintly. Plasma cells range from 0 to 57 per cent. and average 


24 per cent. of the cells present. 





Polymorphonuclear Cells—These elements present considerable vari- 


ation in size, shape, and staining characteristics as to both nucleus and 
protoplasm. The type occurring in the infective meningitides and thos 
that are picked up in transit by the needle, or otherwise, enter the field 
as blood contamination, need no description. Cells do occur, however, 


usually of the size of a small polymorphonuclear neutrophil, sometimes 








larger, sometimes much smaller, which present some difference in appear- 


ance. The larger and medium-sized cells of this 


1 1.: 
rroup have nuclei 
answeril the description of the nucleus of the ordinary white cell of 


ht variation. The 


, 
j 


the blood. They take the nuclear stain wit] 


| 41 } ] ] } 
smaller tvpe of this group, however, presents a nuclear appearance which 
is very different. On first sight the nucleus seems to be multiple. It 


appears as two, three, four or five black points. On more careful study 
minute threads of nuclear substance can be seen bridging the intervening 


Sp ale Se TO sm Of the l rc = . l > yer int pin 


whereas the smaller types stain a deeper rose-color. Kaf 


1e fact that they sometimes show an eosinophilic 


protoplasm throughout their entirety, sometimes only in the center. These 
cells are ten round and show distinct margins, while at other times they 
are vel I ir in outline and indistinct They are somet s drawn 
out as if a t to be divided by force. In such cells the nuclei show 
faint strands, reaching across the thin area, giving the parallel appearance 


of the strings of a musical instrument. It seems worthy of special atten 


tion that Case 19, with 47.5 per cent. polynuclears, and Case 35, with a 
polynuclear count of 33 per cent. showed the existence of a well-marked 
leukocytosis in the blood. These same cases did not show a marked blood 
contamination in the films examined. We have also observed this feature 
in cases not re recorded, in which there was no question of general 
paralysis of the insane. They range from 1 to 47.5 per cent. and averag 


3.4 per cent, 

Large Lyumphocytes.—These cells range in size from slightlv larger 
than a red cell to occasionally three times this size. Their nuclei stain 
less deeply than those of the small lymphocyte. Occasionally they present 
a rim of protoplasm which stains with the nuclear dye. The staining of 


the protoplasm may be slightly darker than that of the nucleus, or, so 


nearly that of the nucleus, that only by focusing in and out with the 
micrometer adjustment can the prot asm be distinguis! from t 
nuclear substance. Large lymphocytes range in numbers from 1 to 35 


per cent. and average 7.5 per cent. 


Degenerate Cells.—These cells sometimes appear as a faint halo of 


} ] . 1] 


nuclear stain, enclosing spaces having much the appearance of cells show- 
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TABLE SHOWING COMPARATIVE RESULTS OF THE CELL-CHAMBER AND CEN- 
TRIFUGE METHODS OF CELL ESTIMATION; DIFFERENTIAL COUNT AND 
CLINICAL REACTIONS 
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cerebrospinal fluid. The mixture of cerebrospinal 1 mmol 
sulphate is then filtered and to the filtrate is added one d of a dilute 

acetic acid and the mixture boiled. This constitutes the second phas 
The appearance of a clo d is a positive reaction. | scl 1 is d to be 
due to the presence of serum albumir The eacret ( d o Tring 
differs wide from specimen to gs} men. and on this it has been sug- 
gested that a relative estimation of the quantity of serur min present 
be made. We tabulated as positive a cloudiness « il! itura 
tion of cerebrospinal fluid with a it-saturated ammonium sulphate so 

tion. representing the so-called serum globulin. Our serun test 
corresponds to the second phase as described abovs 
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mployed the Brandberg method of quantitative estin 


n the urine for the purpose of measuring the albumin in 
yrospinal fluid. For this purpose we constructed a special 
| small-calibered tube, which pe tted the cerebrospinal fluid 
ently on the heated nitric acid. The nitric acid was intro- 

ne arm of the tube, the fluid by the other, thus getting no 


that at the meniscus. The readings are tabulated in 
It will be seen that 


} 17 


inder the heading of “Brandberg’s Test.” 


‘esults occurred in the twenty-three clinically and cytologically 
ases in which this test was em] 1; twelve gave a quantitative 
) , t ind ni = 2 3 
e two cases, one of wl col ned both bile and a large num- 

9 0.33 | . | 

d we are not able to offer any explanation for the high amount 

n present. We reg s test as giving mere ative, not 

cures are n I é terature it 3 

or an average of 0.02 per cent. as o ring norma in the 

fluid. Siemerling gives 0.02 to 0.1 per cent. Sahl gives 
cent. Landois gives 0.03 to 0.06 per cent 

purpose of quantitative estimation of the a nin present 

eans have been emp! ved. Nissl use 1 gra ited Tf e irom 

read the amount of precipitated albumin recent Rehm 


ch’s reagent. Stephan Szecsi'® modified Nonne and Apelt’s 
( oving a graduated t 0 
e the amount of precipitat From our investigations we w l 


igh it may be noted that in t ir clinical and eytologica 
ses in which this estimation 3] ormed. none showed ove 
r cent. Our table does not s t irallel increase of albu- 
mphocytosis spoken o Kutner and Rehm 

tion test was performed i! lowing mann lo 7 
ly prepared and heated Fehling’s solution were added, one at a 
rops of cerebrospinal fluid This was heated and s : if 


our a reduction precipitate occurré 1 reading of pos was 
the tv-nll I ! + 
s test was performed showed the presence of a reducing body 
ent. Four of the nine clinica and cytologically negative 
this reaction was pe ! nt ive posl- 
St n Monatsechr. f. Psychi ul Neurol., 1910, xxvii, 152 
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CONCLUSIONS 
I. The Fre? rent ve method for « ; a P 
the cereh) 3 finid ia: BeBe Bam wean . P 
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OBSERVATIONS ON SCHUERMANN’S COLOR TEST FOR 
SYPHILIS * 


ROBERT GOLDSBOROUGH OWEN, M.D. 


Since the introduction of the serum test for syphilis by Wassermann, 


Neisser and Bruck, in 1906, using the method of complement fixation or 


deviation as evolved by Bordet and Gengou, in 1901, a large number 


reested 


of modifications of Wassermann’s original method have been suggested, 
many of which have proved of distinct value in simplifying the carrying 
out of the test and in rendering the diagnoses made thereby more 
accurate. The results of the many thousands of tests which have been 
made have shown the remarkable value of the reaction, but the method 
7 


demands considerable skill in laboratory technic and a wide experience in 


interpreting its results. Any method, therefore, which would place the 


serum diagnosis of syphilis on a plane easii.- reached by the man of 


average laboratory training with the equipment ordinarily found in a 
doctor’s office, or at least easily secured, should first be accurately tried 


out by a number of observers and then, and not until then, welcomed by 


the prole ssion at large. 


W. Schiirmann,’ working in the Institute for Experimental Therapy 
at Diisseldorf, published what he considered to be a very simple color 
l 


test for syphilitic serums, and reported most favorable results from the 


use of his method. Schiirmann based his preliminary experiments on the 


work of Levaditi and Marie,? who had shown that it was possible to carry 


thy 


out the Wassermann test using extract of heart muscle from healthy 


guinea-pigs as antigen. From this work Schiirmann thought that there 
might be something contained in the heart muscle which was represented 
by some of our simple chemical compounds. Working on this theory he 


y , it } } 


sought for some simple substance in syphilitic blood with which a color 
reaction might be obtained. Reasoning further along this line, he con- 
luded that lactic acid might be the simple element in heart muscle 
which played the chief réle in the test, and found indeed that an extract 


containing this substance used as antigen did give a good reaction with 


* From Research Department, Detroit Clinical Laboratory 
rmann, W.: Verlangsamung des Stoffwechsels. Deutsch. med. 
Wehnsehr.. 1909, xxxv, 616; abstr. in Jour. Am. Med. Assn., 1909, lii, 1629. 


2 


2. Levaditi and Marie: Ann. de l'Inst. Pasteur, 1907, xxi, 138. 
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Irisawa* found the content to vary greatly in different individuals, and 
Gaglio* observed that the amount present in the blood was considerably 
increased after meals and decreased when experimental starvation was 
induced. 

Whatever may be the theoretical defects in Schiirmann’s reasoning it 
is the clinical application of his method as a diagnostic procedure for 
the differentiation of syphilitic and non-syphilitic serum to which we 
must take exception. 

While his results were at first confirmed by Chirivino,® and to a certain 
extent by Fiorito,® Turchi,’ Braunstein,® Clark,® and others, have been 
unable to obtain satisfactory results. 


} 
} 


In my experiments I made use of tl il 


1e serum of several syphilitics and 


also of that of several norn al perst ns, TI tse bloods were tested by the 
Wassermann method with positive and negative results, respectively. In 


} 


addition some forty specimens of blood were obtained from individuals 
supposedly healthy, from tuberculous subjects, from subjects of nephritis, 
carcinoma, exophthalmic goiter, typhoid fever and malaria. These serums 
art yilld, poetial Ux ° pu l 1eVe an maiaria. nes¢ @CTrun 

were tested according to Schiirmann’s method, also by varying the 


amounts of the different reagents. Experiments were also carried out 


using distilled water and normal salt solution without the addition of any 
serum whatever. The color reaction described by Schiirmann as being 


y all of these specimens though 


specific for syphilitic serum was given 


the color varied very slightly in some cases. Where normal salt solution 
or distilled water was used without the addition of any serum there was 
no clouding of the mixture, nor any precipitate, but the same color 
changes were observed. This clouding or precipitation then was evi- 
dently due to a combination of serum albumin and ferric chlorid solution. 
Perhydrol, plus normal salt or distilled water on the addition of the 
reagent gave the same color reaction. At times a green-blue tinge was 
observed in the negative serum, but such mixtures changed almost imme- 
diately to a dark brown. The color reaction then, is apparently due to 
the action of the perhydrol on the reagent, most } robably a phenol oxida- 
tion process as has been suggested by Braunstein, and is given by serums 
from all sources regardless of their syphilitic or non-syphilitic origin. 
| 3. Irisawa: Ztschr. f. physiol. Chem., 1892, viii, 349. 

+. Gaglio: Arch. f. Physiol. (Du Bois), 1886, p. 400. 

5. Chirivino, V.: La cromoreazione di Schiirmann per la diagnosi della sifilide, 
Riforma med., 1910, xxvi, 194; abstr. in Jour. Am. Med. Assn., 1910, liv, 1098: 
Pathologica, 1910, ii, 185. 


6. Fiorito Gazz. internaz. di med., 1910, xiii, 1; Pathologica, 1910, ii, 186. 


7. Turchi Riv. di pat, nerv. e ment., 1909, xiv, 303; Pathologica, 1910, ii, 185. 
8. Braunstein: Ztschr. f. klin. Med., 1909, Ixviii, 345. 
9. Clark Jour. Infect. Dis., 1910, vii, 476. 
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IS HEMOGLOBINURIC 
MALARIA OR A 


FEVER A 
DISEASE SUI 


MANIFESTATION OF 
GENERIS?* 


CHARLES F. CRAIG, M.D. 


WASHINGTON, BD. C. 


| esent condition of uncertainty regarding the etiology of hemo 
iy ( r ma f ( ened to at rega ng the etioiog ( 
kala ir ten years ago, and the history in this respect of the latter dis- 
ease is of peculiar interest to the students of hemoglobinuric fever, 
é nishes an excellent example of how preconceived opinions 
work of careful observers, and illustrates the fallibilit 
det ns sarding the etiology « iny disease when influenced 
| irs kala-azar is regarded as a persistent form o 
malar n, or a form of malarial cachexia As late as 1896 
Leonard R = considered it to be a fatal form of malaria, w e Ronald 
Ross, in 1898, stated it as his belief that it was a form of malarial fever 
complicated some secondary infection. Giles, after careful study, had 
come to the conclusion that kala-azar was due to Ankylos‘oma duodenale, 


and Bentley, in 1903, regarded it as a severe form of Malta fever. The 


discovery of the parasite now known as Leishmania donovani by Leish- 
man, which was at once confirmed by Donovan, decided the etiology of 


‘ 
- 
, 


and proved how error he theori ‘egarding its 


For vears the study of hemoglobinurie fever has been greatly 
: laria] 


nfluenced by the theory that it is due to malaria 
] 


infection, and much of 


concerning this ¢ as been pub- 


the data which has accumulate 
lished by believers in the malarial theory, or in the theory that it is due 
to quinin. While the literature contains manv authentic instances which 


absolutely disprove both of these theories their adherents appear to have 


overlooked or undervalued them, and to-day the general opinion of the 
medical profession appears to be in favor of the theory that hemoglobi- 
nuric fever is due to malarial infectior 

To one o carefully studies the literature of this disease it is evi- 
dent that, in reality, its etiology is unknown; that the preconceived opin- 
ons re ng its malaria] nature and its relation to quinin have greatly 
hindered investigation, and influenced those who have endeavored to 
stud : etiology from an experimental standpoint; and it there is 


*Read at the seventh annual meeting of the American Society of T ropical 
Medicine, June 11, 1910. Published by authority of the Surgeon General, U. S. 
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reason t elieve that Llurther resear¢ \ suit in ] L t 
elobinuric fever is a spe disease The further we juire into 
ology, pathology, and symptomatology, the n e! st we bet e 
need that t malarial nature of the condition is far fron mon 
1, and that the evidence points to its being a s disease caused 
ndiscovered parasite. 
ore considering in detail the theories regat x the etiology of this 
se, I desire to ca attention to thie act that not a few « the cases 
ted in the terature as hemoglobinuric fever are in r tv othe 
s of hemoglobinuria or hematuria, ha enol * 
] efore, in the stu of this condition it most ta 
‘ | l \\ ¢ ‘ cy I I T | T in 
on ons WV = et { ( ={ { | sw ! st 
ntiate } xvsmal hemog i ‘ tul e hemog I i 
owing the administration Of poisonous dal s md the rare inst es 
syncrasy to quinin, res n t this s 
hem nur eve Sa ¢ nite s toma nd readily 
ecognized by those living in the endemie areas, at ill cases w do 
not agree with t clinical characteristics w] e been described by 
many careful observers in blackwater fever regions should be regarded 
th suspicion. The mere fact that a patient passes a little bloody urine 
s verv insufficient proof that he is suffering from hemoglobinuriec fever 
ind yet the literature contains numerous reports in which this was the 
only symptom pr sent, and such cases have een used to support the 
several theories regarding the etiology of the disease. In this contribution 
I have been careful to cite only those reports in which the patients 
deseribed were without doubt suffering from hemoglobinurie fever 
There are three principal theories regarding the et ) of this dis 
ease: first, that it is due rect or indirect to 1 
second, that it is due to quini and third, that it 1 Sp lisease 
a s its en siastic suppo s but. as a tter of fact. not one of 
them rests on a firm foundation as r ls abs e pl 
1 THE MALARIAL THEORY 
PRESENT STATUS OF THEORY 
| Theor 1 t hem ( I ( level sf aire ly oO! nairectly 
to mala nfection is very old, and is supported many of the great 
est authorities n the tevers ol tro] al and S trop al countries The 
names of Plehm, Stephens, Bentley, Christophers, Zieman, Mannahet 
il otners o ef i] reputatiolr are issociat | ) th t] S the I na the 
following quotations from Stephens well illustrate its present position 


1. Stephens, J. W. W.: Blackwater Fever, in Allbutt and Rolleston’s A Sys- 


tem of Medicine, London, 1907, ii, part 2, p. 295 
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The etiology of blackwater fever may be summed up by saying that it is 
malarial in nature, i. e., that it can only occur in those who are either suffering 
from, or have quite recently become infected with, malaria, and that the onset 


of the disease is induced most commonly, though not invariably, by quinin, 


Again, in another contribution, he says :* 

We may sum up the etiology of blackwater fever somewhat in this way: It 
is not a disease per se, but rather a condition of blood in which quinin, other 
drugs, cold, or even exertion, may produce a sudden destruction of red cells. The 
condition is produced only by malaria, and generally by repeated small attacks, 
insufficiently treated by quinin. In such cases of chronic malaria f n those 
suffering from anemia with repeated attacks of fever and repeated doses of 
quinin) blackwater fever sooner or later almost certainly supervenes, at least 
in tropical climates. The two main factors in hemoglobinuria are, then, malaria 
and quinin 

Because of the objections to the malarial theory whic! ive arisen 
from time to time, its adherents have modified their views, until we now 
have the rather amusing spectacle of a theory supported by numerous 
authorities, each of whom, however, explains the relation of the two dis- 
. . , - 


eases in a different maner. That this is true is evidenced by the follow- 


ing modifications of the theory which are supported by different investi- 


cators: Hemoglobinuric fever is caused by estivo-autumnal plasmodia; 
it is caused by a special species of malarial plasmodium:; it is a peculiar 
form of pernicious malaria, which may be produced by any one of the 


species of plasmodia; it is due to malignant tertian infection accom- 
panied congestion of the liver; it is due to a toxin produced by the 


malarial plasmodia;: it is due to a toxin resulting from the destruction 


of the red corpuscles by the plasmodia; it is due te changes in the blood 
caused by previous malarial infection; it is due to a condition of suscep- 
tibilitv to quinin brought about bv malarial infection: it is due to an 
iutolvsin produced in the blood by malarial infection: it in idiosvn- 
crasy of certain malarial patient nall t simp! ( ica 


The points which are usual] ged in support of the malaria theor 
of the « n of hemoglobinuric fever are the followi 

1. The occurrence of the disease only in malarial regions 

2. The presence of plasmodia in the blood, during the period immediately 
preceding, or during the first days of an attack 


3. The fact that most patients who develop hemoglobinurie fever have suffered 
I I 


previously from malaria, 

4. The more frequent occurrence of the disease in localities where pernicious 
forms of malaria oceur. 

5. The fact that long residence in a malarial locality is required before the 
aisease can develop 


6. The fact that there is an increase in the large mononucleat 


ukocytes 
similar to that oceurring in malarial infection 


2. Stephens, J. W. W.: Blackwater Fever, in Osler’s Modern Medicine, 


Philadelp j ag 55. 
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Lor 


country may be free from the disease. In the Philippine Census* 
1902, the total number of deaths from malarial fever is stated to have 
er cent. of all deaths, the death-rate being seven- 


teen per thousand, and yet not a single death is recorded as being due to 


een 115,476, or 26.5 


hemoglobinurie fever. How is it possible to explain this fact in aeccord- 
ance with the theory that the disease is caused by malarial infection ? 
Christophers and Bentley* believe that hemoglobinuric fever occurs 


only in countries where the malarial infections are intense, and that such 


infections, no matter what species of plasmodium causes them, may give 


rise to the disease. I believe that all will admit that the vast majority 
of intense or malignant malarial infections are caused by the estivo- 
autumnal plasmodia, but even in regions where the most severe estivo- 
autumnal infections are prevalent, hemoglobinuric fever is often absent. 
At Can Stotsenburg, in the Philippines, one of the most intensely 
malarial regions of which we have record, where, within six months, there 
were more than thirty deaths from pernicious malaria among the natives 
in the vicinity, a case of hemogiobinuric fever has never been known to 
occur, and the natives informed me that they had never heard of a single 
instance of the passage of bloody urine during an attack of fever. If 
intense malarial infection is necessary for the production of hemoglobi- 
nuric fever, then in this locality one would expect to meet instances of the 
disease, but it is unknown. This is equally true of every other intensely 
malarious region in the Philippine Islands and of similar regions in 
many other parts of the world. ‘Tables 1, 2 and 3 illustrate the intensity 


f 


of malarial infe 


ion in some of the islands, provinces and towns of the 


Philippines, and prove that intensity of malarial infection has nothing 
to do with the production of hemoglobinuric fever. 


It is evident from these tables that the Philippines are intensely 
infected with malaria and that the death-rate is from that disease ; 
but hemoglobinuric fever is practically unknown. J know from personal 
observation that the death-rate as given for some of these towns is not 
excessive, and that there are many towns in the Philippines in which 
malaria causes more than 50 per cent. of the death-rate. 

Christophers and Bentley state that certain conditions may be pres 
ent in blackwater regions which are not present in other malarial regions, 
but so far as climatie conditions are concerned this is not so, for in 
almost every country in which hemoglobinurie fever occurs the climatic 


conditions are the same in the blackwater regions as in others. So far 
as other conditions are concerned, it is enough to say that we are abso- 
lutely ignorant of what they are, and therefore they cannot be used in 
proving the malarial hypothesis. The fact remains that intense estivo- 
3. Census of the Philippine Islands, Washington, 1905, iii, 70. 
4. Christophers, S. R., and Bentley, C. A.: Blackwater Fever, Scient. Mem., 
Med. and San. Depts. Govt. India, Simla, 1908, N. S., No. 35. 
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TABLE 1.—ToTAL DEATHS AND DEATHS FROM MALARIA IN CERTAIN ISLANDS OF 
tHE PHILIPPINES 
Total Deaths from 
Island. Deaths Malaria 


Luzon 





Cebu 18.955 
Panay 75.535 
Mindanao 12,572 
Marinduque 3,222 
Guimaras 1,302 
Baliran .. 1,247 


TABLE 2.—PoPULATION, ToTAL DeATHS AND DEATHS FROM MALARIA IN THE 
PROVINCES OF THE PHILIPPINE ISLANDS 























rotal Deaths from Pr. Ct. of 
Province. Population, Deaths Malaria All Deaths 
Albay 240,326 3,103 26.8 
Antigue 134,166 3,181 $2.9 
Batangas 257,715 3.216 38.5 
Capiz 230,721 3,254 20.9 
Cebu 653,727 7.020 33.6 
Iloilo $10,315 16,572 32.4 
La Laguna 148,606 4.877 30.6 
Misamis 175.683 1.96] 54.9 
Pampanga 223,754 3.247 22.6 
Pangasinan 397,902 6,531 6.4 
Samar 266,237 5.913 28.7 
Tayabas 153,065 5.501 37.2 
Davao 65.496 557 P56 16 
Marindugue 51.674 3,222 1.466 15 
Masbate 13.675 1.881 811 $3.1 
Nueva Vizcaya 62.541 1,228 511 41.6 
Dapitan . 23,577 397 152 18.3 
Romblon 52,848 1,422 531 3 
Surigao 115,112 3,304 1,200 36.3 
Negros Oriental 201,494 5,972 2.135 35.8 
Tarlao 135,107 7,088 2.453 34.6 
TABLE 3.—PorULATION, ToTAL DEATHS AND DEATHS FROM MALARIA IN 
PHILIPPINE TOWNS * 
Total Deaths from 
Town. Population. Deaths Malaria. 
Angeles 10,646 131 119 
Apalit a5 12.206 771 208 
Anao-aon 1.481 lt) i) 
fJacuag 2 938 Loo res 
Camiling 25,243 1.288 513 
Concepcion 12,593 600 211 
Gerona 13.615 635 57 
Floridablanea 7.001 628 328 
Jiminez 7.187 1.006 Lago 
Misamis 5.525 310 r) 
Mabalacat 7.000 20] 126 
Mainit 1.588 123 84 
Orequita 15,156 1.650 1.572 
Palapag 9,609 (0) 122 
Pasig $850 206 110 
Pambujan 6.439 331 174 
Porac 8.487 10) 951 
San Carlos 27.166 1.856 744 
Tago 3.298 129 60 
laranguan 6.184 549 93 
Tigao 946 16 8 
Urdaneta 20,544 1.378 $98 


* All of these tables are compiled from the Philippine Census 
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n four or five weeks after their arrival in Cameroon, 
d suffered from malarial infection. Gross saw a 


developed e disease within fifteen davs after reaching 


who had never had malaria. Brem?! saw one patient who 


developed the disease after only two months’ residence on the Isthmus of 
Pana nd Ziemann?!? one case occurring twenty-seven days after reach- 
ne the inf cality, and another within six weeks. Dr. Prado, in a 

s ! tion, informs me that blackwater fever attacks new 
arrivals in Tobago 

It s rem ered that these patients not resided previ 
ou ! ted districts and that in most of them no history of a 
pre us ma il infection could be obtained It is t s evident that a 
ong residene n the infected district is not necessary for the development 
0 e1 nuric fever and that the statement of Christophers and 
Bentley that many months or years of exposure to the infection is 
required before blackwater fever can occur is unwarranted in the light of 
the evidence ich has accumulated regarding this question. 

While it rue that the disease may occur in individuals who have 
been exposed only a short time, it is also true that the vast majority «f 
cases of this disease occur between the first and third vears of residen 
thus p ng that length of residence favors the development of the dis 
east \s t regions in which hemoglobinurie fever occur are also 
malar lows that most of the victims of this disease have als« 
suffered from malarial infection, but this does not prove that malaria 
is the etiological factor, as will be shown in the following section. 

PREVIOUS MALARIAL INFECTION AND HEMOGLOBINURIE FEVER 

\ history of previous malarial infection may be obtained in a larg 


majority of cases of hemoglobinuric fever, but not in all. Many instances 


1 } 


have r reported of the occurrence of tf s dise ist n n viduals who 
had 1 suffered from malaria, and in whom no plasmodia could be 
{ at the onset of the disease. The fact that the disease occurs most 

equent I ial localities makes it inevitable that most patients 
suffering t have previously suffered from malaria, or, indeed, may 
be suffern oth diseases at the same time, for, from what we know 
of this disease, it is verv rare as compared with malaria, and therefore 
r st t s res ling long enough in a locality to develop the d seas 

yme infected with malaria. It has been asserted by the 

10. Quot ! A. Plehn, Jour. Trop. Med. and Hyg., 1908, ii, 294 

1! I I VW \ Malarial Hemoglobinuria, Jour Am Med Assn... 1906, 
xlvi 19 

12. Ziema H Malaria, Mense’s Handbuch der Tropenkrankheiten, Leipsic, 
1006 | 11). 270 
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most ardent advocates of the n ilarial theorv that not a single case Is < 
record of the oct rence ol hemogiovuimur! ever in a patient who 

not previously had malaria, but such an assertion can be made Oo! ly by on 
who is but ve! tle acquainted with the literature, ! I erous 3 
are recorded in w 1 the disease developed in hea ils W ! 
two or three months alter r ng ected districts ar n whom ther 
had never been any symptoms OF 1 rial feve That in 1 t of thes 
cases the disease « d not have been present in a nt fo : 

I the tact that many ¢ the patients n m < tries W ré i 
was not present, esp ially f1 England d had n en « 

ing the sea journ S cases have be enorted by Manso1 S 


and ma others. The the ol Stephens al Christophers~” 1 the 
ciscast l to al instable tion o1 the ) ) ta t 
repeated malarial infection is thus disproved It is a we nown fact 
that mal atients suff rom hemo nuric f o not nt 
the appearance and symptoms of n alarial cachexia, a 0 

theory were true, it would be expected that most malarial ca 

would develop hemoglobinuric fever It is also a well-known t that 
this disease may develop during the first outbreak of malaria, at 1) 
erick?! states that while hemoglobinuri fever generally occurs only aft 
repeated malaria! attacks, it may develop during the t atta It is 
more than pl able that s | nstances are I iit I I i! 


and hemoglobinuric fevers. 





: ' ' ; : 

Again, 11 repeated malarial attacks result In an unstabie co! dition ol 
the blood which causes hemoglobinuria, it is justifia le to ask why it is 
that such an unstable condition occurs as the res It of mala ynlv in 
restricted lox ties In some of the most ten ’ - _ 
known a person may suffe1 r ra ’ i . ras 

, 

i vet neve ‘ ( nm hen l eve ‘ is } ’ v1 
and a ot r cone ire I sa n ~ ~ sint 

13. Sambon, L. W.: The Etiology and Treatment of Blackwater Fever Jour 
lrop. Med., 1899, i, 243, 262, 295 

14. Cardamatis La fievre bilieuse hémoglobinurique, Paris, 1902, Ed. 1 

15. Curry, Joseph J Blackwater (Hemoglobinu Feve Ik 4m. Med 


Assn.. 1902, xxxviii, 1130 

16. Ritehie Cited by Manson, Tropical Diseases, p. 230 

17. Murri: Cited by Deaderick, A Practical Study of Malaria 

18. Stalkarrt, W. H. S.: Hemoglobinuric Fever and Paludism, Brit. Med 
Jour., 1899, ii, 654 

19. Daniels, \W Rep. Malarial Con Re S London, 1901, Series 
», Pp ‘t 

20. Stephens, J. W. W.., and Christophers, S. R Rep. Malarial Com. Roy 
Soc.. London, 1901, Series 5, p. 17 


21. Deaderick, W. H.: A. Practi ul Study of Malaria Philadelphia, 1910, I ] 
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end 3 I nul ic so that it is very difficult to 
explain this dis i on the irla pothesis The advocates of 
this the ever, have urg¢ that UNKHOW! nditions ma e present 
t this is sim} ccing the question, and admitting that malaria differs 
tT ~ es t ! a ( <1 n disease so ir as | am aware 
there is noa te iniect s disease W cives rise to Striking symptom- 
compl some regions, while in others this symptom-complex never 
recurs, a the latter regions the disease is as intense and per- 
! us In racte Yet we are asked the adherents of the malarial 
theorv of the « n of hemoglobinurie fever to believe that malarial infec- 
tior ickwat evel certal stricts, w similar dis- 
tricts this svmptom- nlex never « s, although the malarial infec- 
ye 3s 1 the erature, however, it is perfect!v evident 
that 1 i il intectior s not necess for the production of 
( nul r, as many instances of the disease have occurred in 
past 1 infection co definitely proven not to have 
exist nts of Murri, Mou Ff. Plehn, and Gros, as well as 
ot : that the disease may occur in persons who have nevet 
suff malaria, while those of F. Plehn, Goltman and Kraus 
nd Bri e that it may occur during the first symptoms of a malarial 
! ! It is therefore just » conclude that hemoglobinuri 
eve 3 t to repeated attacks of malarial fever, and that in many 
nstar ! s malarial infection has existed 
I ; 0 LARIAL PLASMODIA IN HEMOGLOBINURIC FEVER 
| sence of malarial plasmodia in the blo a large proportion 
és ~ : } ng from hemoglobinut ever js nsidered by many 
= as ving its ilarial o n t iny other conditions 
ire fre encountered in ma | regions in whi the plasmodia 
I ‘ n the blood, but which are never considered as being due 
to 1 ectiol ‘he fashion of considering an organism as caus- 
ative m¢ ecause it is frequently associated with a disease has gener- 
a res { n ister, al 1 in the « ( a ar, Malta lever, and 
] Slet ng-s =s oreath dela { | the liscovery ot the re ! cause 
It is t natural that, in a ma ly m, patients suffering from 
s disease should present mala plasmod n their blood in many 
st es The mere presence of s plasmodia, or of pigment in the 
tissues s not prove that the condition is due to malarial infection, and 
the sence ¢ th pigment and smodia in well-authenticated cases of 
hemoglobir fever proves conclusiv that malaria cannot be consid- 
ered as the rect cause of the disease 
’ 
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The presence of malarial pigment in the blood-vessels of the organs, usually 
the kidneys, has been described by several authors. In the three cases in which 
we had an opportunity of studying this point, no pigment was found in the 
kidneys, spleen, or liver, nor could malarial parasites be recognized in the blood- 
vessels of these organs. 


In one of their cases the patient had never suffered from malaria to 
his knowledge. In sixteen of the twenty cases the onset of hemoglobinuria 
was preceded for several days by more or less general disturbance. 
Regarding this they say: 

This lasted in fourteen attacks from one to seven days, and in two attacks ten 
and twenty-one days, respectively. The preliminary illness was regarded as 
malarial, but in only one case were malarial parasites found before the onset of 





hemoglobinuria. 

This statement effectively disposes of the assertion that malarial plas- 
modia are always present in the peripheral blood before the onset of 
blackwater fever. Barratt and Yorke performed splenic puncture in six 
of their cases and in none of them were they able to find parasites or 





pigment in the material obtained; while they examined four of their 
patients on the first day of hemoglobinuria, giving the peripheral blood 
the most careful scrutiny, and did not find plasmodia in one of them. 

Koch** described twenty-three cases of hemoglobinuric fever in which 
no plasmodia could be found, although some of them were fatal infections, 
while in four cases he found the plasmodia both before and after the 
attack, thus proving that their absence is not entirely due to blood destruc- 
tion, as claimed by Christophers and Bentley. Koch says: 

We thus perceive that the malarial plasmodia do not perish in blackwater 
fever attacks; that during the attack they are either entirely absent or show no 
remarkable increase; that, even if they are present in great numbers, no hemo- 
globinuria need develop. Therefore, how can one still assert that blackwater 





fever is caused by malarial parasites? 

Mould** reports a case of hemoglobinurie fever which developed in a 
hospital ; the patient, in whose blood no plasmodia could be found, never 
having suffered from malarial infection. Curry’® reports two cases in 
which neither during the attack nor at autopsy could any evidence of 
present or past malarial infection be obtained, the tissues being free from 
pigment and parasites, and the blood likewise. In both cases the blood was 
examined during the first day of the attack. He describes another case 

| in which no parasites were found, although the blood had been carefully 
examined for ten days preceding the attack. 
Daniels'® was unable to find plasmodia in a single one of sixteen 





cases which he investigated, either during or after the period of hemo- 
globinuria; Christophers and Bentley,*° while agreeing that the mani- 
festations of hemoglobinurie fever should occur only during coincident 


24. Koch, R.: Blackwater Fever (Hemoglobinuria), Jour. Trop. Med., 1899, 


25. Mould, Captain: Cited by Sambon, Jour. Trop. Med., 1899, i, 243, 262, 295. 
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malarial infection, in their own report dest ribe cases in which ever é 
splenic blood did not contain parasites. Case 20 sho ed no parasites 
though examined during the first dav of the attack, and Case 26 was also 
negative, while the splenic bk d of other patients showed a ve! \ 
plasmodia. Their results dispose of the theory that the »plasmodia a 
really very numerous in this disease, but are not discovered because the 
are localized in the internal organs, espe ially the spleen. 

Newell.2* though an ardent advocate of the malarial theor did not 
find plasn odia in any of the five cases described in his beok, so far as h 











Dante ind Gauduchea il] report cases 1n which piasmo i re ! 
found in the blood during an attack of hemoglobinurie lever, al 1} \ 
ol them were egative belore thi onset ot hemog n 1 

Whipple** has recently cont ted a valuable st of t pa 
of hemoglobinuric fever, and believes that n alaria always precedes this 
disease and predisposes to 1t, but the ev lences of malarial infectio 
most of his cases are slight and would appear to Dé nsufficient to prove the 
importance of previous malarial infection. He studied nin ( 
hemoglobinuriec fever at autopsy, in onlv two of which were plasmodia 
demonstrated, and compares the pathoiog al findings with three cas 

7 7 7 r . ° » 
combined hemoglobinuric fever and pernicious mali ind e ( S 
of pernicious malaria. He believes t it the patholo | findings in th 
hemogiobinul ever cases = y a gi t si! arit = I 
nicious ma Iria cases al d in ite t tal lai ll Li¢ Ss al nia 
ing factor in all cases.” In seven of the nine cases of uncomplicated 
» | 7 ss. . f ) ] ] 
hemoglobinuric fever the only evidence of malaria consisted In a si 
amount of pigment in the leuko vtes of the spleen, kidne ind ( nd 
this pigment = present In s cy ] ay nt in tw af \V 
ca < (p 996 ) 

In autopsy 1,168 and 1,169 malarial pigment 1s in very Ss! ll amounts and 
is only found in the various organs alter a long seal It is it in pha 
evtes The second case shows a few « ins of mala ] pigment 1 the 
cortex of the portal gland, i it , ious mal i! I W innot 
imagine any ferment ¢ ib] f rapidly sol t melani \ h set fret 
by the sporulat 1 < eath of t mala ] rasit > t seems cor Isive 

26. Newell, ¢ Blackwater Fever (Bilious M enant Tertian Ag I n 
1909, Ed. 1 

97. Van der Scheer Cited | \Mense Arch. f. S« ¥s- u. Tropen-Ilve¢ 1899 

11, SU 
28. Hanley: Jour Trop. Med., 1899, i, 89 


29. Thin: Brit. Med. Jour., 1900 
29. Howard: Jour. Trop. Med., 1907, x, 81 


31. Oeconomou: Cited by Cardamatis, Progrés Méd., 1902, xx, 201 


32. Le Dantec Pathologie exotique, Paris, 1995, Ed. 1 
89 Gauducheau: Cited by Deaderick, A Practi il Study of Malaria 


34. Whipple, G. H.: Blackwater Fever and Pernicious Malaria in Panama, 


Malaria, 1909, i, 215 
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that there could have been but very few malarial parasites in the vascular 
system of these two patients. This would indicate that blackwater fever may 
follow a very slight infection of malaria, and that the severity of the attack 
need necessarily bear no relation to the severity of the hemoglobinuria. 


It would appear that to base a belief in the causative relation of 
previous malarial infection to hemoglobinuric fever on the findi : 
few grains of malarial pigment at autopsy in individuals residing in a 


malarial locality such as the Isthmus of Panama, where Whipple made 


his investigations, is hardly warranted, for in most patients dving of anv 


disease in such regions, the organs would undoubtedly show a few grains 
of malarial pigment. If, in such a case, death were due to vellow fever, 


it would hardly be justifiable to assert that the malarial pigment present 
proved that the disease was of malarial origin. As I have stated, numer- 
7) lah? ; f . . " } } \ + ‘ 
NUS Cases ¢ emogciopinurie fever are on recora, In which, even at autopsy, 
both parasites and malarial pigment were absent from the blood and 


tissues. Major Walter D. Webb, Medical Corps, United States Army 


retired, has recently handed me the notes of two cases of hemoglobinuri« 
fever, observed | im, in which neither on the first day of the attack, 
nor at autopsy, could malarial pigment or parasites be found in the blood 
or in scrapings from the spleen or liver. In both of these cases the onset 
was sudden, while the individuals were in apparent health, and in one of 
the cases the patient stated that he had never suffered from malarial 
fever. The argument that in such cases as these the malarial infection 


may have been latent, is negatived by the fact that at autopsy the organs 
presented no evidence of malarial infection, and it is impossible for one 
to believe that this would be so had the patients suffered from latent 


malaria In one of Webb’s cases no quinin had been given before the 


The d lant results obtained s observers as to the o I 
rence of 1 irial plasmodia in patients suffering from hemoglobinu 
fev ind the proportion of patients s ¢ the plas? 1 before o 
during the attack, is very largely due to the fact that malarial infection 
is very much more prevalent in some blackwater fever regions than it is 
in others, and thus a much greater proportion of the inhabitants suffer 
from sue] ection. It appears to be most ogical to maintain that, 
because the plasmodia are found in a rtain proportion of hemoglo- 
binuric fever patients, the disease must be caused by these parasites, in 
view ol the a solute prool t] at cases of the disease occur in whicl neit! er 
past nor present malarial infection has occurred. A single case of hemo- 
globit ever occurring In an individual who has never suffered from 
malarial infection, and in whom, even at autopsy, no trace of present or 
past 1 can be demonstrate s] e ene 1 to convince the 
most skeptical that malaria is not the cause of this disease, and man 
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THE RELATION OF TI SPECIES ¢ ALA Al LASM [A 0 
GLOBINURIC FEVI 
A few authorities hold that hemog! eve s to t es 
autumnal plasmodia, or toa specific forn t t ! ferentiated. ‘I 
theory is negatived by the fact that all species of malarial plas) 
been found in the blood of patients suffering from this disease. and that 
the disease occurs in individuals in whom no plasmodia ca 
either before, ¢ ng, or aiter the attac Tt r ( I i t 
ever, an accept I t that the est wutumnNnal plas i 
quent associated I emog reve t I ‘ 
but there are many cases r { ) t t 
species ¢ ismodia were ! 
According to Deadet ert 1) 
cases olf heme nuric feve vy Ziemann, Panse, Or) 4 ( 
Van der Hors Hy es, K ( cases), A. P 
Ollwig, Mel Goltman and |] ss. B i] ( 
; according to the sar f t . 
; asso ited if s ~( r \ Cl (; Ix 
q Otto. These observations pr t this diseas« 
inf ol tn pro ed of t plas 
that the mor nt rence ( 
} not prove them to t ( se of t I t 
; , ; 
As regards the presence o ! é ted . 
plasmod t t it the disease oc { 
nown species of plasmodia is cor : 
necessar mar n a ull of the 
disease have been ve are t t 
! heen { to differ from t S S ( 
| e the [ ( flO I ( S re I I 








vers, Is negatives thie ict that t S pe i 
occurs O17 n ricted low ties t is nt 
\ re thie worst ms o D I ous 7] } 
I 
‘ disp this er ind al ne wW S . 
col nee that 1t Is I nabit 
as I ited against it 
CHANGES IN TH LOOD IN 1EMOGLOBIN 

Thy } ¢ nati ’ nte « y 
Tevel enera emonst! es a ey, nt , 
( tes il tre ent the presence ’ nté t " 
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in the large mononuclear cells has been used as a weighty argument in 


favor of the malarial nature of the disease, but it is perhaps the weakest 
of all the arguments used by the advocates of this theory. While an 
increase in these cells occurs in both malaria and hemoglobinuric fever, a 


similar increase is more or less chara teristic of other acute infectious 


diseases, and occurs almost constantly in sleeping-sickness, kala-azar, and 
recurrent fever. The fact that an increase in these cells occurs in black- 
water fever simply suggests that the disease n ay be caused by a protozoon, 
and is really a better argument for the specifi theory than for the 
malarial the ory. 

The presence of pigmented leuko ytes has little value, as thev occur 
in the vast majority of individuals residing in intensely infected malarial 
localities, and sometimes persist for weeks after all other traces of 
malarial infection have disappeared. While the presence of pigmented 
leukocytes indicates that at some time the patient has suffered from 


malarial fever, it is very slender proof of the malarial nature of hemo- 


AUTOLYSIS AND THE PRODUCTION OF HEMOGLOBINURIC FEVER 


Since the remarkable development of our knowledge regarding hemo- 
lytic phenomena, the theory that an aut lysin is produced in the blood 
of certain individuals by repeated attacks of malaria, thus leading to the 
production of hemoglobinuria, has become a favorite one, and is held 
by many observers, notably Deaderick, Bignami, Cassagrandi, and Chris- 
tophers and Bentley. None of the believers in this theory have been 
able to demonstrate conclusively the presence of an autolysin in the blood 
fever, alt 


of patients suffering from hemoglobinuri hough everv effort 


has been made to do so. The theory is disproved by the fact that this 
disease occurs in persons who have not suffered from repeated malarial 


attacks, and that autolysins have not been demonstrated in the blood of 


health or disease. 


Some of the theories regarding the production of this theoretical 
autolysin are very complicated, but they are all negatived by the recent 


work of several observers who have failed to find such a body in the 
blood of patients suffering from hemoglobinuric fever, or in that of 


re 


patients suffering from other diseases. The work of Dudgeon and Wil- 


son,"* Moss,*® and Barratt and Yorke,’ is of great interest in this con- 


>= 


35. Dudgeon, L. S., and Wilson, H. A. F.: On the Presence of Hemagglutinins, 
Hemopsonins and Hemolysins in the Blood Obtained from Infectious and Non- 
Infectious Diseases in Man, Quart. Jour. Med., 1910, iii, 285. 


36. Moss, W. L.: Studies on Iso-agglutinins and Isohemolysins, Bull. Johns 
Hopkins Hosp., 1910, xxi, 63. 
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2, QUININ AND HEMOGLOBINURIC FEVER 


The theory that hemoglobinuric fever is due to quinin will be con- 


sidered but briefly, as it is not strictly included in the subject for dis 
cussion. This theory endeavors to explain the etiology of the disease by 
assuming that, in certain individuals, the administration of quinin is 
followed by hemoglobinuria, or that this results if the drug is admin- 
istered to one who has suffered from repeated malarial attacks. Veratas, 
a Greek p clan, suggested this explanation of the disease in 1858, and 
in 1874 | is Ave t 5s s rt | e theory s elit d ny 
many authorities, es il] v kK whose support was accepted for a 
while as a st sive proof of its trutl As a matter of fact. many 
instance e} obin ever have been reported in individuals who 
} id I I ‘ ( nin, W e the theo I it the lor eontil ied use O 
the « malarial infection may produce the disease is negatived by 
the t t isands of individuals take quinin, at intervals, for vears 
, ! develop the sease except in regions where hemoglobinur 
fever is et 

The occurrence of the disease in patients who have never taken quinin 


has been reported by A. Plehn,® in twenty-two cases: Cardamatis.‘ in 


l } 4 1 38 


thirty-two cases: Shropshire,** in twenty-five cases: Seal3* in six cases, 
and by many other observers. 

My experience among the Filipinos positively disproves this theory, 
for of the indreds of cases of malarial fever which I studied among 
these people, most of whom had suffered for vears, at intervals, from 
malaria, the administration of quinin was not followed in a single 
Instance ) nemogiovinuria. 

In the thousands of cases of malaria I have observed in soldiers of the 
: oP 


of them treated with large, and frequently, 


United States Army, al 
F 


hero aoses ot the drug, | have obse rved but two cases ol he moglobinuria 


following its use, and in both the symptomatology was very different 


from that o hemoglobinuric fever. In those instances in wl ich hemo- 
elobinuric fever occurs among the natives of an endemic region, and 


many instances of this kind are on record, in hardly a single case had 


istered before the attack, and this must be true of the 


occurrence of the disease in any region where the drug is not in use by 


It must be remembered that this disease occurs in malarial localities 


and that those suffering from the prodron al symptoms almost always take 
quinin, believing that they are suffering from malaria, and thus the 
37. Shropshire, W.: Hemoglobinuric Fever, Its Causes and Treatment, with 


Especial Reference to the Use of Quinin, Jour. Am. Med. Assn., 1903, xli, 600. 


} 


38. Seal, C. E. B.: Notes on a Few Cases of Hemoglobinuria in India, Jour. 
Trop. Med., 1899, i, 179. 
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toxicity of quinin, its concentration in the blood cannot reach 
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ylobin 1 prot eed min do not nerally relapse 
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nts suffer ng ( ‘ og nur ( ! 2 resistar 
e the red cells « the normal indivi il, all point con 
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THE SPECIFIC THEORY OF THE ETIOLOGY OF HEMOGLOBINURIC 


FEVER 


PRESENT STATUS OF THEORY 


e evidence which has accun ted regarding the relationship 
1 and quinin to hemo yinul eve | appear that we 
stice regard ¢ er as ry etiolog! ctor In 
) the disease, and that, t ( ( e must consider the etiol 
s disease as still undecid This being so, it is but natural 
iuthorities have endeavors prove that hemoglobinuric fever 
disease due to a sper organism, and must be admitted 
s much evidence w] points to such a cor sion. As ear] 


sul 


‘4 in an address delivered before the Epidemiological! 
yn. stated that he believed hemoglobinu fever to be a 


wut it is chiefly to Sambon that we owe the awakened 


Patrick: Tr. Epidemiol. Soc., 1892-1893, xii, 384 
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comparatively rare disease, even in its endemic centers, and this fact 
again points to its specific nature, rather than to its being due to malaria, 
and indicates that the cause is some parasite which requires very par- 


ticular conditions either for development or for transmission. 





DISPROPORTION BETWEEN NUMBER OF MALARIAL AND HEMOGLOBINURIC 
FEVER CASES 


The numerical disproportion between the cases of hemoglobinurice 
fever and of malaria, in even the worst endemic regions of the former, 
is a strong argument in favor of the distinct nature of this disease. No 
one will deny that the number of cases of hemoglobinuric fever occurring 
in any locality when compared with the number of malarial infections is 
very small; while in many regions hemoglobinuric fever is unknown, 
although thousands of cases of malaria occur every vear. In Greece, 
Pampoukis observed 34,937 cases of malaria, of which only 0.7 per cent. 
presented hemoglobinuria; Burot and Lagrand*® observed 559 fatal cases 





. 1 


of malaria, and only five of hemoglobinuric fever; and Stalkarrt 
observed many cases of severe malarial infection without seeing a case of 
hemoglobinuria. There are many localities in which hundreds of cases 
of malaria occur yearly and yet hemoglobinuric fever is so rare as to be 
regarded as a medical curiosity. The army statistics regarding this 
question are of the greatest interest and value. It should be rememb« red 
that these statistics deal with soldiers recruited from every portion of 
our country, and include men who have served in the United States, in 
Cuba, Porto Rico, and the Philippines. Table 4, compiled from the 


Reports of the Surgeon General of the Army, shows the number of 





admissions to army hospitals from malaria and hemoglobinurie fever 


from 1903 to 1908 inclusive. 


TABLE 4.—MALARIA AND HEMOGLOBINURIC FEVER IN THE UNITED STATES ARMY 
FROM 1903 TO 1908, INCLUSIVE 


Admissions for 


Admissions for U.S., Cuba, Hawaii, Admissions for ‘ 
Entire Army Porto Rico and Alaska —— Philippines —— 
Hemoglo Hemoglo Hemoglo- 
binuriec binurie binurie 
Year Malaria. Fever. Malaria. Fever, Malaria.* Fever. 
1903 13.608 0 2 OSS 0 10.9293 0 
1904 $.955 0 2,170 0 2.785 0 
1905 4.833 2 1.042 l 2.891 ! 
LOU 6.077 3 2,042 l 3.7606 2 
1907 3,395 l 1.280 l 1.963 0 q 
108 3.030 0 1.424 0 1.484 0 j 
Totals 35.898 6 11,543 3 23,812 3 4 
* Of the 23,812 admissions from malaria in the Philippines at least 11,000 ; 
were due to the estivo-autumnal plasmodia, 
46. Burot and Lagrand: Cited by F. Plehn, Tropenhygiene, Jena, 1906, Ed. 1. 
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It w e seen from Table 4 that, during the six years w t ers 
there were 35.898 admissions from malaria in the entire an and only 
six admissions fron emoglobinuriec fever, Ww e the i that moglo 
] nu ( ever does not ¢ cur among the | pinos, alt ough malar Lis a 
very common and severe disease among these people, is well shown in 
Table 5, which gives the number of admissions from malarial fever and 
hemoglobinuric fever, from 1903 to 1908, inclusive, in the Philippine 
Scouts, an organization composed of native Filipinos from all parts of 
the Islands 


TABLE 5.—MALARIA AND HEMOGLOBINURIC FEVER IN THE PHILIPPINE Scouts 


FROM 1903 To 1908, INCLUSIVI 





Admissions from Admissions from 
Year. Malaria. Hemoglobinurie Fever 
1903 9 565 0 
1904 1.69] 0 
LOS 2 710 0 
1906 LS71 0 
1907 1,463 0 
1908 1.205 0 
Totals 11.505 0 
From the above table it is seen that e there were 11.505 nis 
ons trom ma rial ever among tive , nil s s l t S1X 
s mentioned, t re was ni is ‘ SS101 ) ! 
outs, there are 47,403 admissions fror é t t SIN 
lmissions from he? ool ric Paver or 0 O01 12 ‘ 
Ih mv own experience, covering over t rs’ Sey t n of the 
al il fevers, during which time I ha t . 
ng nea 6,000 cases of malaria in w t ! 
trated in the | I have obse ed on tw ses 
na rn t] | these the symptoms ere T tr Tf - 
nut fever All of the malar ises wert < é n ( I é 
P ppines, or in the United States in sé si] ng . 
in these countries, al 1 almost every one « t ! i suff | rN 
epeater tta S malarial fev t | s est ) 
tumnal infections. In view of these facts, is it : e to t 
emog obi I reve! S ¢ n i nN ria I t = 1 me 
t this ¢ t disproportion between the 1 ‘ Ses Oo ’ ’ 
hemoglobinurt evel Ss vel strong proot ¢ the s na ‘ L the 
tter disease 
occ! | N ( IN PI Ics 
‘| e ocenrrence of enidemics of emog . y , is T @ 
pe nature While the are 1 I nst es t ( ence I 
pider s ol ilarial fever, there are no instal : ( lemics of a spe 
al svmpton omple X associate 1 witl this s st ind tf Ss 1s W if 











SO THE 1RCHIVES OF INTERNAL VEDICINE 

iemoglobinurie fever is believed to be by the advocates of the malarial 
theory. Epidemics of this disease have been reported by various obser- 
vers. Sambon** recalls the epidemic which occurred among the laborers 


on the Isthmus of Corinth, and the Chinese laborers on the Congo rail- 


way; and the same disease has occurred in epidmic form on the Isthmus 
of Panama during the French operations on the canal. According to 
Dr. Wenyon*’ the disease ravaged like a plague the Chinese army on the 
Tonquin border of Kwansi, and the same authority instances an outbreak 
in a prison in Sardinia, in which twenty-four out of 800 convicts suffered 
from the disease. According to A. Plehn,** hemoglobinurie fever not 
infrequently occurs in epidemic form in Africa, and he mentions several 
such instances. In this relation may be mentioned the instances already 
quoted, in which several individuals in the same house develop the dis- 
ease, although those living in the surrounding buildings do not suffer. 
The fact that hemoglobinuric fever occurs in regions where the 
natives are immune to malaria is an argument for the specific nature of 
the disease. We are informed on the authority of A. Plehn that the 
negro of Africa is not immune to hemoglobinuric fever; and Doering,*® 
F. Plehn,®® and others have observed cases among the negroes of that 
country. It is generally accepted as proved by the researches of Koch 
and others that the natives of certain malarial regions in Africa, after 


reaching adult life, are immune to malaria, and Koch did not find the 


asmodia in 100 per cent. of the adult natives whom he examined. How 


can we reconcile these two facts, if hemoglobinuric fever be due to mal- 
arial infection? Is it not more reasonable to believe that we are dealing 


with a distinct disease, due to a specific parasite ? 


SYMPTOMATOLOGY AND PATHOLOGY 


The symptomatology of hemoglobinuric fever is distinctive and 


unlike that of any form of malarial fever with which we are acquainted. 


The lack of periodicity in the temperature curve, the presence of an 


enlarged and tender liver, the repeated chills, the occurrence of marked 
jaundice, the leukocytosis, and the hemoglobinuria, have all been 


instanced by Sambon"* and other authorities, as definitely separating the 
disease on clinical grounds from malarial fever. The fact that, in 


relapses of this disease, the symptom of hemoglobinuria is always repeated 


proves that we are not dealing with a pernicious form of malaria, for 


relapses of pernicious malaria are not always accompanied by the same 


17. Wenyon: Cited by Sambon, The Etiology and Treatment of Blackwater 
Fever, Jour. Trop. Med., 1899, i, 243, 262, 295. 

i8. Plehn, A.: The Cause, Prevention and Treatment of Hemoglobinurie Fever 
in Warm Countries, Jour. Trop. Med. and Hyg., 1908, xi, 294. 

49. Doering: Cited by Deaderick, A Practical Study of Malaria. 

50. Plehn, F.: Arch. f. Schiffs. u. Tropen. Hyg., 1904, ili, 336 
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CONCLUSIONS 





] if emog Inurl evel Is hot due to ! l l | ( ( to ( 
proves s geographical distribution ; by th t t sin it 
\ ils who have never suffered from malaria t fact t n 
many instances, neither before, during, or after an atta n is] i 
be demonstrated in t bloo . While, even at au psv. no trace ot! i l 
can be found 

That the disease is not due to quinin is proved bv the tact that 1 
occurs In individuals who have never taken the drug. and that in mat 
regions where the drug 1s extensive used the diss ise 1s ul how! 

For the following reasons I believe that it is due to a specific orga 
ism: its geographical distribution; its numerica sproportion to malaria 
wherever it occurs; its occurrence in epidemics: the character of the 
pathological lesions; its symptomatology: the lack of conclusive evidence 
that it is due to malaria; and its analogy wit ther well vn infe 
tious diseases 

In concluding I desire to « ittention to the pe r relation that 

this disease apparently bears t e het ( ind to 
piroplasma infections In genera That he i nul fever res es 
Tex Ss Tever lt! S Svmptomatology has otter en noted nd ther s 
much reason to beli that it n e due te similar parasite t is 
a significant fact that some form of piroplasi nfection : n 
oO served I ry ef ever regio! im w Ti tor Vel 2 7 } 
That no piroplasma has as vet been demonstrated in thi 0 n this 
disease does not count for anything, for it ma e so small as to be indis 
tinguisha yy our present lenses, or it may occur in such small nu : 
as to necessitate its demonstratior lt | methods All of the ira 
sites belonging to this class are very minute and it is not at all rob- 
able that the rasite of hemoglobir ce level Ss ultran ros l n 
size, as we believe the parasites of vellow feve di nd ot dis 
eases to be Hemoglobi ever Is probably transmitted by an it 
verhaps a larval tick, as is the case in tsutsugamushi disease, or the 
adult insect. as in Ro Mountain spotte evel ‘7 tev ! t is 
ultimate ) d to be the transmitting ent, we n feel sure that it 
will be one of comparative rare occurre! or that the co tions neces 
sa rt Ss! ssion the diseas I my e1the I the ¢ ( 
of « pment of the parasite in its insect host n the manner it 
which 1t reaches the Insect O1 n some s manne! n the con 
parative rarity of the disease in regior \ s en ind its 
absence from others, be explained 

I would also call attention to the extremely small number of experi- 
ments which have been made on animals research work on this disease 
It is most unfortunate that the majority of investigators o have 
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Demands for a supply of fresh air must be re 
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ne samples from the streets of ( iwo during the sam 
iWwerace vas 4.06 with a ma I m of 5 
n d in the expired breath averages more than 4 per 
10,000). The amount ¢ eted hou varies according to 
1 the degree o dl wt In a mixed community of 
res t W iverave ty 4 ( eet per person ( ‘ I 
on will as on 
were no ventilation tever the air of an ordinary railway 
ning 4,000 cubic feet of space and occupied b ventv people 
t parts of carbon di | per 10,000 of air at the end of one 
par ind this would conti to increase indefinitely in a 
t e time, since ca on ¢ d continues to be produced by 
1 oO e occupants at a practically constant rate But no 
t, consequently the carbon dioxid will never reach this 
mit Fresh air from the outside is constantly entering 
numerous crevices about the doors and windows, 
ving. The inside air is be ne ¢ ynstantly dilu 
I impossible to measure directly the amount o 
since it enters at many points and at constantly changing 


tual amount of carbon « 1 found from time to time by 

cures given above to a simple mathematical procedure. To 
s problem: Suppose a car contains twenty people and its 
is found to have an average of 10 parts of carbon dioxid per 
e incoming fresh air contains 4 parts of carbon dioxid per 
e the respiratory contamination of the car air is represented 
rts. Twenty people produce twenty times 0.6 cubie feet, or 


} 


t of carbon dioxid per hour. With what amount of air must 
of carbon dioxid be diluted so that the air will contain 6 
nm dioxid in 10.0002 The simple proportion. 6 : 10.000 
s 20,000 as the answer. Hence there must be 20,000 eubi 
plied per hour, or 1,000 eubie feet for each person present, 
iently to dilute the carbon dioxid produced so as to maintain 
n at 10 parts in 10,000. The computation is better repre- 


e general formula: 


the CO, produced by one person (cu. ft. per hour 


number of persons in the room, 

the proportion of CO, found in the air of the room, 

the proportion of CO, in the outside air (0.0004) 

the air-supply to the room (cu. ft. per hour 

ng the above calculation to the conditions supposed—a room 


} 


wenty people—we find that with the carbon dioxid at 0.0009, 


er 10,000, 24,000 cubic feet of air, or 1,200 cubie feet per 
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inverse ratio to the air-supp! Six thousand fer ‘ 

he ur allows an increase of O.000] In carbon a oxid: S000. ar ! rease ¢ 
0.0002: 2.000, an Increase of O.0005: L500. l nerease of O.OOOL: 1.200 
an increase of 0.0005 : 1.000, an increase of 0.0006, and so OF 

With any given air-supply the carbon dioxid represent 

contamination increases direct as the number oO! peopie pres V 
neople ] oduce Twice is ca on ¢ S Tel ( I - 


between 10.000 and 100.000 and for anv number of peopl n to twent 
; _ - Tr , , 
six, the practical limit of sleeping-car occupants. The diagonal 


representing air-supplies, simply connect the points indicating the hei 
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to which the carbon dioxid will rise when different numbers of people are 
in the room, the amount of air supplied being that given on the diagonal 
and its rate of entrance constant. ‘This method of chart ng becomes valu- 
able in certain comparisons which will be made later. It will be clear 
from these charts that when we are dealing with carbon dioxid which is 
near the normal, the slight necessary errors in determination would repre- 
sent large relative errors in the calculation of air-supply. The higher the 


carbon dioxid the less does this latte r error amount to. 


The first attempt to apply Pettenkofer’s methods to the air of railway 


cars and to place our knowledge of their ventilation upon a scientific basis 


seems to have been made by Wolfhiigel and Lang® in 1875. Further 


investigation was carried out under the direction of the Prussian minister 
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of war* in 1887-8, in order to determine the best means of ventilating 
military hospital cars. 

Some fifteen or twenty years ago a number of analyses of the air 
from passenger cars were made by Professor Nickols.4 working under the 
auspices of the Board of Railroad Commissioners of the State of Massa- 
chusetts. About the same time the Pennsylvania Railroad ( ompany* took 
up the subject and had a few tests made. In 1894 a committee of the 
Master Car-Builders’ Association® made a somewhat extensive report on 


the subject of car ventilation, and with it submitted the results of several 


3. Quoted by Briihmer-Schwechten: Eisenbahnhygiene, Gustav Fischer, Jena, 
1904, p. 84 , 

4. Quoted by Dudley: The Passenger Car Ventilation System of the Pennsyl- 
vania Railroad Company, Pa. R. R. Co., Altoona, Pa., 1904. 

5. Proce. Master Car-Builders’ Assn., 1894, xxviii, p. 23 
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analyses of the air from sleeping-cars, chair-cars and suburban coaches. 
Eight observations in sleeping-cars, with an average of 12.5 passengers, 
gave an average of 18 parts carbon dioxid per 10,000. The highest was 
22. the lowest 11.3. Eight observations in chair-cars, with an average of 
17.4 passengers, gave average carbon dioxid of 10.7 parts per 10,000; 
highest 15.5, lowest 7. Six observations in suburban coaches, which are 
stated to have been one-half to two-thirds full, averaged 13.8 carbon 
dioxid per 10,000; highest 21.7, lowest 6.9. No record of the conditions 
under which the samples were taken or of the methods employed are 
given. It is not stated whether the cars were moving or standing still at 
the time the observations were made. 

In 1904 Dudley® reported on a part of some thirty or forty analyses 
made of the air of cars of the Pennsylvania Company, which were ven- 


tilated by the excellent system which he devised. He found from 10 to 18 


parts of carbon dioxid per 19,000 in running cars, and 20 to 21 parts in 
cars standing still for twenty minutes. Fifty-two people occupied the 
ears, and are assumed to have produced 0.72 cubic feet of carbon dioxid 


each per hour; from which is estimated 26,000 to 62,000 cubic feet of 


£ 


air-supply per hour for the moving and 22,000 to 23,000 for the still 

More recently the air of cars running in the New York Subway, but 
more particularly of the subway itself, has been thoroughly studied 
experimentally by Soper.? Similar studies have been carried out in Paris 
by Lucien-Groux® and others. But these cars have little in common wi 
the railway coach. 

Numerous reports are to be found upon particular types of ventilators 
and ventilation systems as applied to railway cars. An excellent and 
extensive report of this order was made by a committee of th Master 


1 


Car-Builders’ Association.® in 1908, in which the various systems in gen- 


eral use were reviewed in detail. But unless I have missed important 


literature on this subject, the information concerning the actual condi- 
tions of the air in railway cars is very meager. It is adequate on th 
application of ventilating devices, but there is no series of analvses 
extensive enough on which to base any comprehensive opinion as to thi 
deficiencies of natural ventilation to be overcome, or as to the adequacy 


of the devices applied in keeping the air of the breathing-zone freed from 


the products of respiration. 


6. Dudley: The Passenger Car Ventilation System of the Pennsylvania Rail 
road, Pa. R. R. Co., Altoona, Pa., 1904. 

7. Soper: The Air and Ventilation of Subways, Wiley & Sons, New York, 1908 

8. Lucien-Groux: Hygiéne des métropolitaines souterraines, Deuxiéme Con 
grés internationale d’Assainissement et de la Salubrité des habitations, Genéve, 
1906. 

9. Proc. Master Car-Builders’ Assn., 1908, xlii, 338 
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The ventilating device’® upon which this report is based is designed 


from the upper portion of the car, and its 


operation is dependent on train motion. It was easily determined that 


to remove air by exhaustion 


it does exhaust air in this way. A long series of anemometer readings. 


made chiefly by Mr. C. S. Knapp. have shown that each such exhaust 


ventilator wi remove an average of about 15,000 cubic feet of air per 
hour at a forty-mile train speed, and proportionately more or less for 
faster or slower speeds. While there is considerable variation under 
apparent similar conditions, the outward flow is a constant one. One 
ventilator is placed over each alternate section of a sleeping-car: thus 


there are six in the sleeping-compartment of the ordinary twelve-section 
car and eight to a sixteen-section car, while two are applied to the smok- 
ing-room and one to a stateroom. Toilet and dressing-rooms are also 
equipped with one each in recent practice. It is readily seen that a very 
large volume of air leaves the car each hour through these openings; it 
must enter somewhere. The question was, does it enter at such places and 
take such courses as to cause a free dilution of the air at the breathing 
level in the occupied car? There seems no adequate way to answer this 
on except by determining the carbon dioxid in such air, from which 


the amount of dilution may be computed as already indicated. It was 
desirable also to make determinations in cars not having the exhaust 
ventilators, but depending upon natural ventilation, for purposes of com- 


parison. 


The results of such determinations, while applying particularly to the 


specific ventilator in use, are to be considered rather as a test of the type 


ventilation by exhaustion—as applied to railway cars, and may apply 
equally to any exhaust ventilator placed in the same location, provided 


} 
| 


only that the one used actual 


ly accomplishes its purpose of removing air 


in large volume and with constancy. 


Determinations of carbon dioxid were made by the Petterson-Palm- 
quist'' apparatus, with a pipette of 20 ¢.c. capacity. This instrument 
irnishes a direct volumetric reading of carbon dioxid and should be 
sensitive to one part in 20,000 of air when carefully used. The accuracy 
of the method has been amply proven by Teich’* and others. 


10. The ventilator referred to, known as the Garland Ventilator, is fully 
described, with drawings and photographs, in the Railway Age, 1906, xli, 847. 
It is also well illustrated in the Railway Age-Gazette, 1910, xlviii, 1757. 

ll. Bericht der deutschen chemischen Gesellschaft, IS87, xx, 2129 4 good 
description of the apparatus and its use is found in Hempel’s Gas Analysis, trans 
lation by Dennis, Maemillan, 1902, p. 363 

12. Teich Die Methode von Petterson und Palmquist zur Bestimmung der 


Kohlensiiure in der Luft, Arch. f. Hyg., 1893, xix, 38 
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of the air to be examin was pum! nt 1 
)» arranged with a cut-off, ar was then empt 
throug 1 delivery tube leading to the botton 
with well-ground glass stoppers gnt coated 
re immediately sealed after I ng wit the sam 
ypper tight and turning arour WW ! i 
in the petrolatur Foster and Haldan vi 
a container is clean and ¢ nd properly seal 0 
es place nthe air W I 1 tortnight i wt whi 
rify amp \ single example wi strate 
1 with air known to co1 n 39 parts of carbor 
luplicate analyses were mai rom these bottles 
after varving periods with the following results 
Ist bottle, 3 days after filling, 39.5 and 38.5 
2nd bottlh 6 days after filling, 38.5 and 39.0 
3rd bottle, 11 days after filling, 39.0 and 38.5 

a If the bottles are ible to be s ected to1 shakir out. a heay 

; 

; rubber band should be passed over the ends to keep the stopper in plac 
one should be carefully inspected before proceeding to analvsis 
es were prepared by thoroughly cleansing, washing dilute 

sulphurie acid and distill water and then drving This process was 
repeated aiter each using 
If an average sample of the air was desir« e bulb was filled while 
walking up and down the mid e portion ol! © ¢ 1 Ol a sil e piace 
the bulb was filled in place or the air simply pumped thi the bottl 
by means of a small hand be ws. For taking air ym an occupied bert 
a woven tube about 14 Inches In length and possessing ¢ oh stiffness 
‘ to stand alone was passed its full length between the curtains int ( 
’ berth, and air was withdrawn thro this into the bottle lhe d er 
of air was into the bottom of the bo ( | air rawn off 
the top by suction Experiment showed that wit ving through the 
iottle ter or twelve times the volume ¢ a 0 J 1 In the cont ner 
which the bert was tak es approximately twelve inches behind the 
ry ile of the 1) Compa , ve dete 7 nations fron Torent te 
in the same ert nave shown t t this I esents a I ) thie 
erthn alr 
: The samples of roo cted in this manner we nened under a 
S; I ted so tion of 7 re so ? ( orid VW n saturate ‘ 
: carbon dioxid in order to remove any trace « ree a ind expos to 
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the earlier numbers more than one car was i! ( nsequent t 
tapies Wi } ( ow e Sf es I mber 18 sor t es reneat 

Neal »0UU0 Cal I ' determinations were n e tor 
n connection wit this wor! i It Z.000 ese We the 
over <UU sieeping-cars \ considera I mie yere 1! é tie 
day coaches, suburban cars, street-cars, stores, restaurants, offices 
open air tor c irative purposes, ar t s r the } pose esta 
ing certain tacts experimenta 





Before proceeding to an analysis of the findings it is necessary to know 
the amount of carbon dioxid in the air sur ndit ins in order to 
have some basis for computing air-supplies to cars ‘ COMmoOTIVE 

emits an enormous total volume of this gas, w ch, it 1s eas nee | 

; might play a considerable part in the amount of carbon dioxid found 
the air of the cars. According to Leissner' the air surrounding trains 

; contains from 18 to 22.8 parts carbon dioxid per 10,000. My results a1 


at variance with this. Forty-six determinations averaged 4.04: the highest 
was 10, the lowest 3. A few showing 5 and over were made from t!] 


platform of trains running in a straig 


effect of the advancing body has a tendency to draw in the overhan; 
gases. One sample showing 10 and one showing 7.5 were taken in closed 
; vestibules, which generally show no internal contamination. It is a matter 
of ready observation that any lateral wind carries all the smoke from a 


locomotive stack well out of the path of the following train Presun 


ably this is true of the invisible gases as well as the visible carbon. When 


the wind is straight ahead or directly with the train, the smoke and s 
are, as a rule, carried high enough by their propulsion from the stack ar 
their heated condition to allow the train to pass under with a clear 


val, the heavier particles only, such as the small cinders, falling 

path. Of course, the smoke and condensed steam do not diffuse as do 
the invisible gases; but with these is mixed a quantity of sulphur d I, 
for which the sense of 
the examination of tunnel air, that where flue gases have contan 
the air with 15 to 20 parts of carbon dioxid in 10,000, 

readily detected. It occasional happens thats if] ent gas is car! 


a train running in the open to render sulphur dioxid noticeabk It s 3 


that my detern inations of carbon dioxid n the air surrounding tra 
have not dealt with the conditions that ce uld ring this about (onse- 
quently I conclude that this is a relative rarity, and that 4 in 10,000 a 


proper average to deal with in considering the air outsid movin 


14. Cited by Briihmer-Schwechten Eisenbahnhygiene, Gustav-Fische1 Jena, 
1904, p. 85. 
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NATURAL NTILATION 


The most ordinary condition for the natural ventilation of cars in 
cool weather is to have the doors and windows closed and a certain pro- 
portion of the small windows at the top of the car open. These small 
windows are herein referred to as “decks” or “deck sash,” in order to 


avoid confusion of the term “window,” which will always refer to those 


to the exhaust vent late r apove ment ned, 


In Table 1 are recorded 153 determinations of carbon dioxid under th« 


above conditions, grouped and averaged for the forty-four cars included 
in the list. The maximum and minimum carbon dioxid observed in each 
car is given, together with the number of observations in which the carbon 
dioxid was above and below certain figures. From the average carbon 


dioxid and the average number of passengers is computed the hourly air- 
supply for each car, according to the formula given above. This we n 
call the ventilation equivalent. It does not necessarily equal the actual 





It is the amount of fresh air with which the total amount of 
carbon dioxid produced by these people within an hour must be diluted 
in order that the proportion of carbon dioxid may be equal to the average 
found. The rate at which the air enters is not constant; but the rate of 
production of carbon dioxid is constant, and its average dilution is the 
nearest approximation to the average rate of air-supply. Both the maxi- 
mum and minimum computations should be looked on as having only a 
relative value, because we cannot safely assume that the outside air always 
had jast 0.0004 of carbon dioxid. It may be higher, and probably was 


ower, as might 


2 and 34 of Table 1, or it may be a trifle o 
be suspected for Car 32. Neither is great accuracy to be expected 
in computations based on fovr or five passengers to a car. The error in 
this relation 1s, howeve r, generally on the safe side, as I have been able 
to prove experimentally where the air-supply could be measured wit! 


accuracy and the number of occupants changed. Nor is a single observa 


tion sufficient on which to base definite conclusions as to the average 
ventilation of a car 

It will be seen from Table 1 that there is a wide variation in the air- 
supply necessary to satisfy the findings under physical conditions whi 
are apparently near identica his wi ve noted in other tables and 
no doubt represents, to a large extent, act variations, the cause o 
which is often difficult or impossible to determine; it may be represented 
in part by errors of observation. 

The averages representing number of passengers and carbon dioxid 
in the last line are of the totals of all of the 153 observations included 
in ‘Table 1, and from these figures is again computed an hourly air-suppl) 
necessary to satisfy these general averages. Inasmuch as some of these 
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Approxi 
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Air Supply 
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No No oO 
Over | Under; Maintain 
kight Six. Average 
CU 
2 1 19,700 
0 ( 10.900 
l q 32.800 
1 0 20.600 
4 0 yx 
4 0 31,400 
0 42.40K 
1 0 27,200 
0 3 47,900 
0 0 34,900 
1 ) 19.500 
1 0 23,300 
0 1 28,700 
0 0 17,500 
1 4 22,100 
0 1 27,704 
2 0 100 
2 ( 11,600 
0 3 q x 
0 0 25,700 
0 1 36,904 
0 l 76.800 
1 ( 18,000 
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0 0 4 > 
1 0 13.30 
2 0 5.500 
0 4K 
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( 106,004 
U0 0 : ” 
0 1 +600 
0 ( 600 
0 9 82.000 
Uv 0 7 i”) 
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] 


series do not fairly represent car averages, but only individual and tem- 


; 


yorary conditions, and sometimes strictly local conditions within the car, 
the plan is considered better than to average the car averages. The change 
ould be t a slight one, however, in this case; and the two methods have 
been found to give results very close together in nearly all groups con 
sic red, 
For the 153 observations the average carbon dioxid is 7.19 per 10,000. 
The maximum is 13, the minimum 3.5. The average number of passen- 


ers for the 153 observations is 15.05. A car carrying this number of 


people would require 28,300 cubic feet of fresh air hourly to maintain the 
carbon dioxid at 7.19 parts per 10,000. In other words, there would 
necessari e an air-supply of 1,880 cubie feet per person hourl 


TABLE 2.—DETERMINATIONS OF CARBON DIOXID IN CARS WITHOUT VENTILATORS WHEN 


THE DECKS ARE OPEN AND ONE OR BOTH END DOORS INTO VESTIBULES 
ARE OPEN. WINDOWS CLOSED 


Approxi- 








Average COs Per 10,000 of Air. } mate Pro- 
Number | Hourly por- 
f People|— $$$ — — _ —_— —_ — - ——-|Air Supply, tion Doors 
Cars. Series Car No | | ] | Necessary of Open.* 
While of De- | | Extremes No No No. | No. to Main- Deck 
Taking termi Average - Over Over| Over | Under tain Aver- Sash 
Samples. nations Min. | Max.| Twelve | Ten.|/Eight Six age COz. Open. 
1 17 14.00 4 | 5.00 4.0) 5.5 0 0 0 4 y% | PF. 
2 5 ) SS % 75 ».0 7.0 0 0 0 2 ly F. 
3 s 12. 3 7.33 7.0 8.0 0 0 0 0 le F. 
4 ’ 16.04 3 $.50 5 (6.0 0 0 0 2 19 PF. 
5 9 13.00 3 7.16 6.5 8.5 0 0 1 0 } 4 F. 
6 23 ».00 9 3.5 8.0 0 0 | 0 7 le F 
7 6 13.04 2 45 6.0 0 0 0 1 lg F. RB. 
+ 9 6.00 1 5.5 5.5 0 0 0 1 ly F. 
9 8 4. 5 | 3.5 4.0 0 0 0 4 | . lo > 
10 5 12.00 1 5.5 5.5 0 0 0 1 | 48,000 All | F. 
11 4 10.00 2 6.00 5.0 7.0 0 0 0 1 30,000 All F. 
12 21 “ 2 4.75 4.5 5.0 0 0 0 2 | 44,000 All | F. 
13 6 10.06 2 4.75 45 5.0 0 0 ( 2 | 80,000 All | F. RB. 
14 1 10.0 l > 7] 0 0 0 | 40,000 All R 
1s 1 11.50 4 6.25 5.5 7.0 0 0 0 1 31,000 | All | F. R.t 
| 
— = = . 
Totals—Av | ae 46 5.40 3.5 8.5 0 0 1 29 | 40,700 | | 


*F., forward door open; R., rear door open 
#In car 15 the end doors were closed but their drop sashes, about 14 inches high, were open. 


The carbon dioxid is less than 6 per 10,000 in 18.9 per cent. of the 
observations; it is 8 or less in 79.7 per cent., while it is over 8, 10 and 12 


in 20.3 per cent., 2.6 per cent. and 0.65 per cent., respective lv. Conse- 


quently the ventilation efficiency was in these cases equivalent to more 
than 3,000 cu feet per person hourly in 18.9 per cent., 1,500 cubie feet 


} 1 


or more in 79.7 per cent.: while it was less than 1,000 cubic feet in 2.6 
per cent., and ess than 750 in only 0.65 per cent. ; 3,000, 1,500, 1.000 and 
750 being the air-supplies per person per hour necessary to maintain the 


carbon dioxid at 6, 8, 10 and 12, respectively (Chart 1). 
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Adding to the open decks opening one or both end doors to t 
vestibule (the outside vest! ile doors remaining sed) W 1 be expected 
to cause a greater alr-supp Such is the case, as shown by the I SIX 
observations recorded in Table 2. The general remarks made above a 


um carbon dioxid is seen to be 8.5 against 13 


the determinations are below 6. 


carbon dioxid being 5.40 per 10,000 and the average number of passengers 
9.50. there would be required 40,700 cubic feet of air ! to meet the 
conditions. In Cars 3, 5 and 6 the computed air-s pply is far below the 
average ; In Cart t is far above, while in Car 9 it ma e called infinite 
since there 1s I » detectable increase of the carbon dl It sometimes 
happens that an end door is open and pra no air enters throug 
it: on the other hand, an enormous volume may enter; and occasiol lly 
air mav leave the body of the car through such an open door These are 
facts which may be verified by noting the rection and force of the air 
currents as they pass. Air does not necessa! sweep throug i vit 
q doors open to the vestibules, though on the average the air su} to the 
breathing-zone in the body of the car is considera nereased There 
j seems to be no constancy as to wl door acts best in the capacity of ven 
tilator. Sometimes the forward and sometimes thi s most « nt 
TABLE 3.—DETERMINATIONS OF CARBON DIOXID IN CARS WITHOUT VENTILATORS 














} " 
ageckK sash 


of the outside alr 


* ente 


These are recé 


rs the car under I 1st cond t10n 


is must find 





Whatever an 


1 if 
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AND HAVING ALL DECKS, DOORS AND WINDOWS CLOSED 
Average COz Per 10,000 of Air 
Number Approximate 
of People} — —— _ — Hourly 
Cars.|Series Car No | } | Air Supply 
While of De- Extremes.| No No No No Necessary to 
Taking termi- | Average. |— Over |Over| Over | Under Maintain 
Samples. | nations | Min. | Max.| Twelve.|Ten.|Eight.| Six Average CO 
a ee ee ‘ 
1 | 10 16.00 | | 12.50 | 15.0 | 1 ; 1 2 0 11,300 
2 | 14 6.00 ¢ 7.0 | 0 0 | 0 1 16,000 
3 | 17 14.00 2 | 75 | 7 8.0 | 0 | 0 0 0 24,000 
4} 18 15.00 3 7.33 | 7 8.0 | 0 | 0 | 0 0 27 AK 
, 5 | 50 18.00 1 10.00 | 1 10.0 0 | 0 | 1 0 18.000 
¢ | 1 ” 1 ” | 5.5 5 0 0 0 1 60.000 
7 16 10.00 1 10.00 | 10.0 10.0 0 0 1 | 0 10,000 
' | 
} } 
Totals—Av | ‘ | 15 1 } 1 4 | 4 18,500 
| 


the 
ount 


S way 


the pressure of the 


in through natura! 


crevices and is driven in and out by 


wind and the suction effects produced by the motion of the train. 
As would be expected under these conditions, the average carbon 
7 dioxid is greater than in either of the preceding groups and the comp ted 
air-supply is smaller. The maximum carbon dioxid has advanced to 15, 





while the average is 8.33. Eight and three-tenths per cent. are above 12 
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and 33.3 per cent. are above 8, while only 16.6 per cent. are below 6. 
With the average of 8.33 parts of carbon dioxid per 10,000 and 13.33 
passengers 18,500 cubic feet of air per hour would be required. 

There were only two observations made when all the decks were closed 
and one end door to the vestibule was open—the rear door in each 
instance. The number of passengers averaged 9.5 and the carbon dioxid 


averaged 5.75, which would indicate a ventilation efficiency equivalent 
to 32,500 cubic feet of air per hour. The number of observations is too 
small to have any considerable value. 

The comparative efficiency of natural ventilation in the four groups 
of conditions stands: 18,500 cubic feet of air hourly for the fully closed 
car; 28,300 when from one-fourth to all the decks are open ; 32,500 when 
decks are closed and one door open ; and 40,700 where end doors are open 
in addition to open decks. It is, of course, possible that a larger number 
of observations would materially change these figures, but it is not prob- 
able that their relation to each other would be greatly altered. 

VENTILATION BY EXHAUST VENTILATORS 

It has been stated that one ventilator of the type described is fitted 
above each alternate section of sleeping-cars and that each ventilator 
will remove an average of 15,000 cubic feet of air per hour at a forty- 
mile train speed. No special intakes are provided for this air. It 
goes out; it must come in. But it might come in at such places and take 
such courses as to play no part in aerating the breathing-zone of the car— 
might be short-circuited, so to speak. The results of the carbon dioxid 
determinations of air at the breathing level shows that to a certain extent 
this must happen, since the air supplied to the breathing-zone, as com- 
puted from carbon dioxid determinations, is considerably less than the 
amount which leaves through the ventilators, as determined by actual 
measurement. But in spite of this the air-supply is much increased and 
is better regulated than in cars not so equipped. 

In Table 4 are recorded 294 determinations in 67 cars which were 
fitted with these ventilators and in which all doors and windows were 
closed. 

In Table 4 the first twenty-five series represent daylight or early even- 
ing; the remainder represent all hours of the night from about 10:30 
p. m. to early morning. The two groups are averaged for comparison, 
and the final average includes both groups. None of the night determina- 
tions are of air taken from behind the curtains of berths; they are from 
the air of the center aisle. 

As in the previous tables, there is here also a considerable variation in 
the computed air-supplies, though the tendency is to much more pro- 
nounced uniformity. The maximum carbon dioxid is 10 parts per 10,000 
of air, the minimum 4.5 parts. The average carbon dioxid is 6.20 per 
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10.000 and the average number of passengers 14.55 
required 10.600 cubic feet of air hourly to satisfy thes 
the 294 determinations of carbon dioxid only 4.4 per 


. ) hil im oy . ) ar 
per 10,000 while 46.9 per cent. are 


as 8. Hence the ventilation efficiency is equivalent to a 


feet per person hourly 
I 


or more 46.9 per cent. of the time, while it Is never 
cubl eet 
It w e noticed that the averages of the totals in t 


essentially the 


} 


to a proportion of open decks is added an open door. Prob 


parison would be made with the conditions of ‘I 


that there is a distinct advantage in favor of the cars equ] 


ventilators over those ventilated by the decks, and t 
represents an average addition in the air-supply to the 


about 12,000 cubic feet of air per hour. 


DIOXID IN CARS 
AND WINDOWS 


DETERMINATIONS OF CARBON 
HAUST VENTILATORS ALL DOORS 


TABLE 4 


Average Coz Per 10,000 of Air 
Number 


of People —_ - 
n Car No 
Wh 


Cars. Series 











: of De Extremes No No No 
Taking | termi- Average Over Over Over 
Samples. nations Min. Max. Twelve. | Ten. Eight 
DAY 
1 2 18.00 4 7.21 » | 10 0 ) 1 
92 ( 10.00 2 6.50 & ( 0 
3 11 6.00 8 4 4 f 0 0 
4 11 18.00 ) 6.8 . 0 
5 13 8.00 , ) ( 0 ( 
6 18 10.00 4 ”) $ 6.5 ) 0 0 
7 19 8.00 4 5.75 5.0 6.5 0 
8 2 19.00 2 7.25 7.0 7 0 
i] ) 12.00 1 () ) 
10 6 10.66 “ 4 0 ) 
11 8 15.00 7.8 7 8.5 1 
12 0 10.04 ) 7 { ® 
13 l 14.00 5 ( 6.0 &.0 ( 0 
14 l 
15 4 18.00 7.00 7.0 7 ) { 0 
16 38 4 7.37 6.0 8 0 0 ( 
7 38 4 é 6.0 { 0 ( 
8 ay 6 » 07 ) 0 ( ( 
19 40 6 4? t 0 ( ( 
20 42 8 19 > 
43 15.0 6.17 6.0 ( ) ) 
44 1.00 6.01 0 7 0 ( 
2 1 17.17 ¢ 6.58 6. 7 ) ( 
24 D 12.00 f 83 6.5 ( 0 
25 102 16.17 6 6.17 { 8.0 0 0 
Daytime 
Totals—Av 12.88 115 6.01 4.5 | 10.0 0 0 


95.6 per cent. of the time and 1s 3,000 
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TABLE 4.—CONTINUED 


NIGHT 
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will be made clear by Chart 4. The carbon dioxid found, wher i { 
the place represent ers present, w ilwavs rea 
some diagonal which has a definite value in terms of air-supy 


TABLE 5.—DETERMINATIONS OF CARBON DIOXID IN CARS EQUIPPED WITH EXHAUST 
VENTILATORS AND HAVING ONE OR BOTH END DOORS TO VESTIBULE OPEN 





J | Extremes a8 
| 2 ° 3 e * 
«= x “znan_e a 
Cars. Series o= _ a a. : < Y 
~ rif >| 8 Hagce =) 

Average - - -3a= C ~ Es 

Eurs n 
Mir Max 7 : = as“a5 = 
Z\Z ane, 2 £ 








i 1 2a 1 
§ 2 2b 12.00 3 6.54 6.0 7.0 ( 0 0 8.800 F.R 
\ 3 2e 18.00 3 me ) ( 0 0 1 72,000 F.R 
4 2d 15.00 6 4. 1¢ 6.0 ) ( ( 1 0 SK F.R 
a 5 8 >.00 4 4 3.5 4.5 0 0 0 4 1 WM F.R 
6 18 10.00 1 4.50 4 4.5 0 ( ( 1 120,000 R.+ 
7 22 12.00 3 0 4.5 6 0 0 ? 48 0K F. 
& 25 14.60 5 10 4 5.5 ) 0 0 5 79,600 F.R 
Me 26 19.88 y 5.22 4.0 7.5 0 ( 0 6 O7 SK F.R 
10 «(27 17.00 1 6.50 6.5 6.5 ( 0 0 0 40,800 F.R 
| 
ll 57 13.00 5 5.20 4.5 6.5 0 0 0 4 ¢ v0 F.R 
12 58 17.00 5 5.40 5.0 6.0 0 0 0 4 72,800 F.R 
Totals—Av 14.48 48 5.50 3.5 9.0 0 0 1 29 57,900 
* F., forward door open. R., rear door open 
: + Car 6 was the last car in the train, consequently the rear door led to an open and not to a 
| closed vestibule, as did the others 
: 
| Chart 4 shows ¢ iriy that the air-supp to sieeping-cars, as con 
puted from these 555 carbon dioxid determinations, is for al t that 
the completely closed car depending upon natural ventilation, a large on 
relative to the number of passengers, and would not allow the averas: 
carbon dioxid to go above ten in an but this one condition niess the 
cars were crowded bevond their natural capacit Su ove owding In 
sleeping-cars is prevented by the assignment of space and refusing further 
applicants when this is all taken. It very rare happens that sleep 
cars carry more than twenty-five passengers. Such a case did not con 
unde r mv observation in the collection ot these NOD and manv other 
samples of the air. 

It sh d be understood that all of the ve opservations ap » the 
main compartment of the standard sleeping-car in motion: and in setting 
down the number of passengers only those persons wer vuunted who 
were actually 1n this compartment, and who 1d been there ray l 
of at least ten minutes at the time the samples of air were being 
lected. The smoking-room, the drawing-room, and other sr rooms 


constitute separate problems. 








oR oe, 








104 THE ARCHIVES OF INTERNAL MEDICINE 


In order to test the consistency of the results obtained, and to find if 
the carbon dioxid actually does go up in proportion to the number of 


passengers, these 555 observations were divided into four groups, accord- 





Chart 4. 


ing to whether the number of passengers was below 10, between 10 and 
15, between 15 and 20, or above 20. The averages of carbon dioxid and 
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Chart 5. 


number of passengers were determined for all observations falling in each 
of these groups for each of the two classes of cars under consideration 


and are shown in Chart 5 along with the general averages for each class. 
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For the cars depending upon natural ventilation the general averages 

of passengers and carbon dioxid for all observations are 13.70 and 6.88, 

respectively, and the equivalent hourly air-supply 28,500 
(Averaging all observations in cars when there were 

Less than 10 passengers 7.48 and 5.91, respectively; 


equivalent air-supply 
= 23,500 cu. ft. per hour. 


Between 10 and 15 passengers 13.29 and 6.62, respectively; equivalent air 
supply = 30,500 cu. ft. per hour 

Between 15 and 20 passengers 17.57 and 7.38, respectively; equivalent ai 
supply = 31,200 cu. ft. per hour 

More than 20 passengers 23.18 and 8.85, respectively; equivalent air-supply 


- 28,700 cu. ft. per hour 


For cars equipped with exhaust ventilators the general averages of 
passengers and carbon dioxid for all observations are 14.82 a1 6.11 
respectively, and the equivalent hourly air-supp 12.100 cubic feet. A 
aging all observation in these cars when there wert 

Less than 10 passengers 9.10 and 5.58, respectiv equivalent air-supply 

34,600 cu. ft. per hour 

Between 10 and 15 passengers 3.51 and 5.95, respectively ul nt a 
supply = 41,600 cu. ft. per hou: 

Between 15 and 20 passengers 17.65 and 6.46 spe ive ui F ’ 
supply = 43,000 cu. ft. per hour 

More than 20 passengers 93.24 and 7.24 : ] Valent . \ 

13.000 eu. Tt per hour 

| rom t roe ne = ) , r = 
nerease in the numb passel s. The cons n “ é 
cures hold t e general statem« it the « arbon d | 

e norma nereases directly as el ants ca ! 
om Chart 5 The dark bars indicate this n ise and ar S 

} 4 } rs P| } + ! + 
nearly as possibile at the point on the orizontal representing the ave f 
numbers in each of the passenger groups given a e. The diagonal lin 


representing air-supply, are computed from the gener: 
observations in each class of cars. It w 
in all of the 


close to these diagonals. When the number is below 10 I cam 


the results of analyses as of great value because of the unequal dist 
tion. In all the latter part of the work no samp taken under these 
mnditions: and those that were taken represent efly samples taken it 

single places in the car, and not average samples taken while walking uy 
and down the aisle 

Chart 5 also furnishes a striking confirmation ‘ ectness 
n previous cone lusion that the average ame irbon « n f 
ir surrounding trains is very near to 4 parts in 10,000 

\ further method of determining the ventilation of the cars equipped 


th exhaust ventilators was applied as follows When trains pass 
ough tunnels the cars receive a considerable amount of 


1 Ol engine as 
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THOMAS R. CROWDER 
We ay ¢ I te the res all Su n To These ( s pv ¢ < t 
rat disappearance ot this s (carbon di ) aiter leaving t ( 
In Chart 6 ares n series of determinations under these co . 
six cars. Each form of figure represents the succes r det : 
a singie ser S 
There is col ible regu t e see ! 
fir ( to \ t ( diox as ) ne = é 
different cars 7 Cal ( ns s ( 
(U.U00U ) It = Ve ePless Cle rt? it 7 ST y ; 
al se nt tos ent en r r 10.5 thu the 
contents of the i here ( 10 to 4.01 ce feet in 
sleeping r: this « eV d there e represent a ( 
from about 31,000 to about 41,000 « eet per he It 
note it t sery ns made fall 1 r thar 
and ré sent a more rat ther than a le . rT 
carbon « 1, consequent a eater a t t ( ( s 
thus cor ming in a st ! inner t ( | ns 1IT-s 
; 
I BERTH 
When taking samples o ( s in the manner alr 
average sample fro the aisle { ( irisol Samples fre ‘ ’ ( 
vy repeated at fifteen minute int ils. until twentv or mor 
had been collected in the ea Two lowe s on ¢ ‘ the cal 
were gene! select i aet ! gy thie t ne ¢ 
two uppers when possibl Table 6 gives the details re n for 
roiling tabies, t ether wit the temperature the t etween thre 
Cal I ( 0 id « Liv ert S and alsies I I er i ne s ( 
berth, for 321 analyses fron wer bi sand 41 ! erths in 
rs not having « iust ventiiators 
15. The computation of air-supply in the above problem is made from the 








Where C—the contents of the car ibie feet 
{—time in minutes 
r, and x proportion of carbon dioxid in air of car at any two time minutes 
ipart 
V = proportion of carbon dioxid in outside ir (0.0004 or the ] to 
which roar ng in an occupied cat assumed e 0.0006 
in thi 
and A =the air-supply (cubic feet per minute 
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berth is computed as that necessary to maintain 
1e average level for a small enclosure occupied by 


} 


included in this table had a single adult occupant 


6.—SIMULTANEOUS DETERMINATIONS OF CARBON DIOXID IN BERTHS AND AISLES 
OF CARS WITHOUT 


S 
4 
sim 
0 14 
OT 5 
OT 4 4 
0o %~4 
? 4 Ti 
; } 
09 650 
! 


l ll 0 84 
13 14/10 5 
14 3/15/10 Se 
15, 3/15/10 25 
16 15/10 SY 
17 3/16/10 H) 
~ 16/10 > go? 
) 17/10 36 
0 17/10 3694 
1 1/10 40 
rotals—Average 
1 10/12/0¢ \ 
10/14/06 LB 
ll »/06 152 2 
4} 11/17/06 f 
5} 1/19/07 {50} 1 
4 
6) 1/20/07 (24) 14 
7i 1 ,/09 20) 45 
gil 5/09 (24) 46 
71 s > 


10 3 15 
ll’ 3/17 


Totals 


mination was made, 


10 
10 





Average.. 


> the ais 





No 





5. 
15.00 
6.85 
oo 
1.00 
18. 
~ 
7 
” 
17.00 
19.00 
17.0 
16.00 
13.00 
00 
13.00 
14.0% 
6.41 
4.00 
4.00 
0.00 
17.00 
16.00 
20.00 
OO 
24.00 
0.00 
17.00 
16.00 


20.51 
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4 
- 
> 
< 
| or 
| 6.25 
| 7.50 
8.87 
8.58 
6.5 
10.00 
| oe 
| 66s 
6.65 


13.00 


10.00 


10.50 
9.00 
8.58 
6.30 
8.00 


8.37 





> 
S »\ 


11.00 | 


VENTILATORS ALL DOORS AND WINDOWS CLOSED 


COe Per 10,000 of Air 





Aisle Berths 
Extremes. |5 2 Extremes siais 
Si ZSiaisiel< |% 
—lsa| © —sslels = 
Zs| £ BE) Ei biz|z |“ 
Min.|Max.|sa| = | Min.| Max.) 3) 5] sig/E/= /5 
=o ZiZiZ\42\a\/q Ss 
Ss x 
LOWER BERTHS 
j 
5.5 7.0 f 7831 7 109 OO 10 t 1.0 0 
7 a4 s 938] 80 | 120 ¢ 600 8 1115 % 
4 2 14 6.71 | 9 85 00 1 1 1 2,210 All 
1.5 6.0 6 8.17 »' 11 1 1o ¢ 1438 % 
8 5 lt 78 6.5 1 1641 0 l 5 % 
8.0 10.0 4 l ‘ 11 18:0 6 14 1.170 4 
6.0 7 l o) ( 00 01 14 1,676 \4 
10.0 10.0 ¢ 8 1 10 3 1,143 0 
6.0 8 1 8.88 l 0 12}02 1 1,229 
6.0 | 7.0| 16 6.41 ) ; ( 8 7 iT 
7.0 8.5 16 «9.00 l 11;01 1 1,200 All 
6.0 1¢ 1 60) 180 11 0 2 1170 % 
x0 0 1¢ 8 32 7.5 11.0 ( y ll ft Tt 1,229 ly 
é 9 ‘ Oo ‘ 1 00 6.0 5 8 1,467 lig 
6.5 8 lf 7.97 ) ) ‘4$o12 1,511 he 
6.5 6 8.78] 7 11.0 ¢ 1 1 1255 % 
7.0 o!| 1 1.0 01 4 011 1,53 % 
} 6.0 lf a7 a0 { 0 > 10 14 2. > 4 
6.0 7 1 s f w.0 00 8302 11 1,77 e 
8 lt 5 7 12;}0 11 1,11 ‘ 
7 8 s.4 Mi 414 011 17 1,336 + 
4 10 1 ry g.0 $37 143, 8 55 20 1,389 


UPPER BERTHS 





1 oo 1 1,091 All 
13.0 | 13.0 1} 12.0 41 #1 1} 7 |% 
ll | 11.0 1} 7.0 | » oOU wo All 
1) 4.0 ' 4 oO} ft y 1 ( 12,000 All 
10.0 | 10.0 1} 10.50] 1 10 9? 1100 1 0 
| | | 
} 10.5 | 10.5 15.75 18 ) 0 11 
| a5 9.5 f 11.42 14 | a0 O 4 ano 4 
8.0 10.0 l 8.66 | 7 l ; Oo) 1 8 0 | ) 1,287 ‘ 
6.0 7.5 ; 7.50) ¢ 851010 1,0 0} : 1,714 % 
6.5 9.5 4 8.00 | lo ( 1} 0 2) 1,500 ly 
6.0 7.5 7] 8.36 | ; 010} 4/0 O| 7 1,376 1% 
6.0 | 13.0} 41 17 | 4.5 | 18.5} 4/8 1\ 7] 24 1,161 
consulting the figures for the lower berths it will 


e seen that the average of the carbon dioxid for the berths is higher than 


all but two instances—Car 8, where only one aisle deter 


and Car 10. where the average is from four deter- 
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minations. ‘The average difference is one part of carbon dioxid per 10,000 
of air. The highest for the aisle is 10, for the berths 18; lowest, 4.5 and 
5, respectively. In 17.1 per cent. of the berths the carbon dioxid was 
ower than in the aisle at the same time; in 63.2 per cent. it was higher 
than in the aisle, and in 19.6 per cent. they were equal. 
The average carbon dioxid for all berths is 8.32 and the average ven 
tilation is equivalent to 1.589 cubic feet of air per hour per berth. The 
west average carbon dioxid for the berths of anv car is 6.41 (Car 10), 
highest is 9.78 (Car 5); inversely, the largest equivalent air-supply 
s 2.473 cubic feet per hour (Car 10), and the smallest is 1,038 cubic feet 
per hour (Car 5). Of the 321 determinations of carbon dioxid 1.2 per 
cent. are above 12 per 10,000; 11.2 per cent. are above 10; 44.5 per cent 
are above 8: only 2.5 per cent. are be low 6, and 55.5 per cen 
inder. Hence, 55.5 per cent. of the determinations indicate that at the 
moment the samples were taken the air of the berth was diluted with 


; esh air to an extent that wo d ne essitate ventilation ¢ that be rth Wil 


1.500 or more cubic feet of air hourly ; it was less than 1.500 feet per 


our In 45.5 per cent.. less than 1,000 cubic feet in 11.2 per cent., and 
ess than 750 cubic feet in only 1.2 per cent. of the examinations 

Upper Berths.—1\f a considerable number of the upper berths a1 
occupied the car is necessarily well filled. The higher number of pas- 


<engers would logically account for a higher carbon dioxid in the body o 


the car (average 20.51 passengers and 8.37 carbon dioxid against 16.41 
passengers and Ys carbon dioxid in the table for lower berths). Wit 

open decks it would be expected to find better ventilation in the uppe 

part of the car. The figures for Car 4 indicate how this may occur. On 
he other hand, when the decks are closed the opposite may be the case 
(see Cars 5 and 6). 


» 


Of the 41 determinations of carbon dioxid 9.8 per cent. are above 12 


19.5 per cent. above 10: 61 per cent. above 5; 2 t below 6: and only 39 
per cent. are 8 or under. These figures indicate that the ventilation of 
these berths was equivalent to 1,500 cubic feet or more of air hourly in 
39 per cent., less than 1,500 cubic feet hourly in 61 per cent., less than 
1,000 cubic feet in 19.5 per cent., and less than 750 cubic feet in 9.8 


per cent., while the average ventilation is equivalent to 1,161 cubic feet 


| 


per berth per hour. 

Of 39 times that the comparison can be made the air of the berths 
contains less carbon dioxid than the aisle at the same time in 17.9 per 
cent.; it contains more in 61.5 per cent., and they are equal in 20.5 
per cent. 

Comparison of Lower and Upper Berths in Same Car.—I am able to 
compare the carbon dioxid, consequently the ventilation, of the lower and 
the upper berths in five cars from this table, namely Series 45, 46, 49, 86 
and 93, which correspond to Cars 5, 6, 7, 14 and 19 in the first part of 
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the table and 7, 8, 9, 10 and 11 in the second part. Samples were taken 


I oss . P Tolle * ™ : : 
fron wer and upper! rths simultaneously. Table 7 will make the 
! s l 
rA COMPARISON OF LOWER AND UPPER BERTHS IN CARS WITHOUT 
VENTII is 
Equivalent hourly air | 
Cars Series Average COz2 per 10,000 supply per berth, cu. ft. | Proportion of 
——__—_———  — —_— — —- —-— — —_—- Decks Open. 
i | 
Lowers | Uppers Lowers Uppers | 
a —_ — * — 2 Se a en 

1 45 9.78 | 11.41 } 1,028 809 % 

? 4 1.18 8.08 | 1,170 1,287 % 

49 7.58 7.50 1,67¢ 1,714 % 

4 se 2.09 Rin 1.4497 | 1,500 | ly 

5 12 7.22 R 26 1.775 | 1,376 | 4% 

— — — - — - —_ =| — - — — 
Totals—Av. m 48 885 1,354 | 1,237 
| | 
In two s (] id 5) t I IS less ca on ¢ xid in t all f the 


lowers is ( n of the ners In the remaining three cars (2, 3 
ind 4) t I d is ver ll ppers: consequently, the vi 
tilation « t ‘ erths is n e « ent than for the lower berths in 
tne sar : ere was a total « 91 determinations for the lower 
berths of ese cars, against 34 for the upper berths The average of 
these totals gives slightly less carbon dioxid for the lowers than for the 
ippers ns ently, there was slig etter average ventilation of 
the lowers under the conditions represented than of the uppers 
Simultaneous determinations were made for the lower and upper 


berth of the same section thirty-four times in these cars. The upper had 


more carbon di xid t] an the lower ”0 times (58.8 ner cent. ) less SS times 

(23.5 per cent.), and they we ( il 6 times (17.7 per cent.) Che 
relative ventilation is, of course, inversely as the carbon dioxid 

Table 8 record a i. eT, 1: 7 ee ane es e dha 

a é records the detalis o ) carbon dioxid determinations ot the 

air of lower berths and 53 of the air of upper berths in cars equipped 


with exhaust ventilators. The tabulation and computation is similar to 


verag the ais The average difference all observations is 0.63 
parts per 10,000 of air. The highest for e aisle is 10, the lowest 4.5 
for the berths the highest is 13.5 and the lowest 4.5. In 20.4 per cent. of 
the berths t irbon dioxid is lower than the sle at the same time: in 
63.8 per cer t is higher than the aisk nd in 15.8 per cent. they 
are ¢ i] 

The average carbon dioxid per berth is 6.96 per 10,000; the average 
ventilation is equivalent to 2.027 cubic feet per hour. The lowest average 


carbon dioxid for the berths of any car is 5.38 (Car 37), the highest is 
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IN AISLES 


AND 


BERTHS 
HAVING 


SIMULTANEOUS DETERMINATIONS OF CARBON DIOXID AND 
OF CARS EQUIPPED WITH EXHAUST VENTILATORS 


ALL DOORS AND WINDOWS CLOSED 


TABLE 8 











ee a ae 




































CO2 Per 10,000 of A 
Aisle Berths 
= me ee 
«5 Extremes = Ext es = |aAtss 
or, & ~ = > - 
~s > - . =< <“< &A ~ 
é x ae = B/S) a]t Lose 
S| € je) gees . zs) qe <E2 
C = < © of % ” = + D : >| Pie ‘ =a~s 
~ = sila 2s s M Max.| =~ e Min.}Max. 5/5/65 5 5 he 
sacs” a ws a : o | ox = o8-2< 
=] ise | & g2| < 2) 2/2) 2/" |= mes 
LOWER BERTHS 
l j 
1} 1/23/07 | 24) 1 11.0 6.2 7 4 8.04 7 Oo} « | 0 00 
2) 1/24/07 13] 12. ( f 6.5 f 6.75 8 ol ol ¢ 1 ; 183 
3 { 7 19 8.0 f 18 7.97 ! 1} 1 ( 8 1 
4 1 or ) at 1 “) 7 6.0 ( ) Six { ( { 3 ( 4 1.500 
5 | 2/ 6/09 1 l | 14.4 6.38 6.0 8.0 | 8 7.67 5.5 ( 0 4 ( lj ( 1,623 
| oe | 
6} 2/13/09 ti 3 14.00 | 6.83 | 7 . | 1° SOK 6 11.0 ( 1 r gs} 1 ) 
7 11/27 | 40 «| RO | t é ( 4 10.0 ( 0 15S > 198 
8 | 12/1 6] 17.25 | ¢ 7 12 | ¢ 15/105) 0] 1 7| 8] 4! 2,666 
» | 12/16 7 | 16.00 | ) ) 6.5) 9 7.94 1] l 8 
10 | 12 18 | 41 17.00 | 4.0 ‘ 5.5} 20 . o} 1 11} oO} 2 
= | | | | 
11 1 6/09 0} 48 | a0 6.25 é 6.5 | 4 6.88 ( 8.5 0 1 0 ( . 
12] 1/ 3/1 f 4] 17.00 | ¢ . f 6.58 g ‘ F 1 ‘ 
13] 1/ 6/1 80 | 56 3.00 | «6. 8.0} 20 7 11.5; Oo} 1] ¢ l 14] 1,690 
14 / 1/10/1 18 18.00 7. 7 8.0 | ) 4 7 10.0 oO] ¢ lf ( O| WV 1,290 
15 | 1/20/10 x0 60 | 16.00 SO | ».0 6.0 0 6.4 ~ 0; 0 0 ( 14 AK 
| | | 
If 1/23/14 s | 61 | 18.00 i ) 5 7 6.90 0,10 ( 4 6’ 11 ona 
17 2/17/1 > | 63 | 0 | 8.50 75 1 ] . é l 0 ¢ 1 1,4 
18 7/1 64 18.00 | 7.0] 1 Sa] ¢ 8 0 4 1 1! 
19 7/10 | 1 65 14.(« 0 6.0 If 81 ; 7 oO ~ l 15 
10 | tt l in " 6 lf 4.5 l 0 0 1 7 46 
91 | 0/10 0 | 67 0.00 é mn! f | 7.9 g5 ( 0 4 1 Oo 14 1,613 
21 2/91/10 | 18 | 68 16.00 6.38 | 6.0 7.01] 16 | 7.69] 6 ri ooo ¢€ oo 111 1,623 
2/21/10 | 18 | 69 | 15.00 | 6.25 | 7.0] 16 6.84] 5.0] 9.0] 0} | ) 4 l 2,113 
24 | 2/23/10! 0| 70 | 17.00 | sas} 80 10.0 | 16 | 7 12.0] 0} 5 1 ( 4 9 1,128 
25 | 2/23/10! 0| 71] 14.00 | 7.50] 60 80] 16 | 819] 65/100] o| Oo 8} ¢ 9} 1,432 
} | 
°6 9/24/10 | 18 | 72 } 13. | ¢ 6.0 ( | 1¢ 7 f R.5 ( 0 ( 14 1.714 
7 2/27/1 6 | 73 15.00 | 7. ( } 16 j 7 l 0} 4 10 1 1,163 
8 7/10 | 2 741 16.0 7.50 ( 9.0] 16 8 9] 7.0 | 11.0 0; 38 11 14; 1 ) 
9 | 1/10 ( 75 25.00 | 6.7 5 S 4 7 29 r i sg ol ¢ 1! 4} 1.775 
30 1 76 0 | 7 0 | | 16 | 7.47 | o}1 4 1) 7 8 1,749 
31 4/10 | 50 | 77] 14.00 | 6.18 7.0 | 1 6.09 | 5.0] 8.5] o| 0 , 6) 6 5) 2.871 
39 6/10 4 78 15.00 ” | 0} ( 16 | 6.19 0} 7.5 0| 0 O| 6 11 739 
33 6/10 | 40 | 7 14.06 1.38 | 16 6.47 8 oo ¢ 1} 1 15) 2,429 
34 7/1 8 | 80] 18.00 5.38 | ¢ 16 | ¢ 0 i 44 1 #414 0 
5 8/10 | 34| 81] 14.00 | 5. »| 65] 16 6.72] 4 1 1 3} 1 ) 
36 15/10 88 | 17.00 5.50 0 6.5 16 6.64 ) ( A 7 9 T 
7 3/16/10 91 14.00 f | ¢ | ie | 38 4.5 8 0) 1 4] 4,348 
2 4/10 60 6 14. 1 6 | 42 51 4.5 a0 ( 0 { 1 17 r 
39 3/30/10 66 ret 14.00 | } 6 lf 6.50 4.5 10.0 ( 3} 4 iM 
4( 3/30/10 5 9 19.00 | 4 4.51 7.0 40 6.3t 5.4 10.0 oO} 3} 11 ~ 41 
| | | 
41 4/5/10 60 /10% 13.00 7 5.0 | 6.5 16 ¢ 4 10.5 01 ' f 4 8 > HAT 
42 4/ 6/10 46 1104 17.00 | 7 6.0 8 é 5 7 o| 0 0} ) 4 812 
| 
Totals—Average 15.72 | 6 4.5 | 10.0] 690 | 6.96] 4.5] 1 1 150] 169] 141 44 027 
] ] 
 . fs lo | 
UPPER BERTHS 
1 1/10/10 | 18 39 18.00 7.60 | TA 8 5 8.70 2.0 ) 0 0 4 1,277 
9 10 > 6 2° 7951 5.0 5 4 of 8 1 ( l j 0 ( 4 “ 
3 4/10 6 96 14.04 5 | 4 6 24 5.7 4.5 7 ( 0 1 1 48 
4 8/30/10 1) 0 19.00 | 540] 4 7.0 16 6.6 5. ) ( 1 1¢ ”) 
5 4/6/10 | 46 104 17.00 | 5.75 | 6.0 4 7 65 80 OO ¢ 0 0 4 1,846 
Totals—Average 16.72 5.95] 45 9.5 3 6.70 4.5 10 0 1 1 41; 2,222 
Lowers in these same cars: Totals—Average 132 6.51 45 10 0 1 31 7 391 
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9 (Car 24); the largest equivalent air-supply is 4,348 cubic feet per 
hour (Car 37), and the smallest 1,125 cubic feet per hour (Car 24). O 
the 690 determinations of carbon « id only one, 0.14 per cent. is above 
12 parts p 10,000: 35.5 per cent ire above 10: 21.7 per cent. are above 





8: 24.5 per cent. are below 6, and 78.5 per cent. are 8 or under. Con 
sequently the ventilation is equivalent to more than 3,000 cubic feet of air 
pel I oul in 24.5 per cel ‘ erths examined: it is 1,500 « 
mor 8.5 per cel und less than 1.500 ¢ feet in 21.7 per cent. ; 
t is ss ft n 1.000 « feet pe hour in 3.3 per cent. and less than 750 
ynce in 690 determinations. In this case 631 cubic feet is 
ind ited 
U pp erths.—Of the 55 determina s of carbon dioxid the highest 
s 10 thie wes Ry, There s put ne ove! 10 (2 per cent.) : 1% pe! 
ent. are over 8 2 per nt. are below ¢ nd 835 per cent. are 8 or unde 
Che ventilation is therefore equivalent to more than 3,000 cubic feet p 
I rin o2 pe ent.: it is 1.500 cubi or more in 83 per cent.: 1.000 
cub ef ore in 98 per cent., and less than 1,000 in 2 per cent., whil 
the a ventilation is equivalent to 2,222 cubic feet per hour. Thi 
erth is higher than t isle at the sa me in 94.3 per cent. and lowe! 
iT 3 1) cent 
/ * Berths and l r Be S e Car 1 am able to compar 
the ) s wit ‘ py erTrths i ve cars, as 3] own 1n Ta )] 4 
Sal ake m the lower and the upper berths simultaneoush 
rABLI COMPARISON OF LOWER AND UPPER BERTHS IN CARS EQUIPPED WITH 
EXHAUST VENTILATORS 
| Equivalent hourly air 
Cars.} Series Average COs per 10,00 supply per berth, cubic feet 
| Lowers Uppers Lowers Uppers 
1 | 59 a 8.7 277 
2 76 47 9.6 1,065 
8 6 51 5.7 3,428 
4 se] 6.36 6 2 290 
5 104 6.13 7 1,846 
Totals—Average 6.51 6.7 2,391 2,222 
I ol these irs There Is a low erate on dioxid in the air of 
ower berths than in the air of the upper berths: the lower berths in 
; : oat 
these cars are therefore better ventilated than the upper berths. The aver- 


totals (132 


ages of the 


ng ventilation equivalent show 


lower and 


53 upper berths) and the correspond- 


that this diff small. 


erence 18 very 


Simultaneous observations of the lower and upper in the same section 


made forty times. The 
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99 
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equal 9 times (22.5 per cent.). 
It 


10,000 seems ¢ 
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The greatest difference was 2 parts carbon 
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lower berth in this type of car is on the average slightly better than the 
upper, but the difference is so small as to be of no practical consequence 
In a general way it is found that the average of the berths and of th 
aisle follow each other consistently. Both vary from time to time in 
way that can be only theoretically explained, and an individual berth ma 
show great irregularity. Chart 7 shows the variations through two of the 
longer series (Series 96 and 99, Cars 38 and 40 for lowers and 1 and 


lear the manner of n 


for uppers in Table 8). and will serve to render « 
ng up the details of the tables. The determinations made at 12:45 ; 


n the car Oswego were from samples collected just after a five-minut: 








stop. The effect of such a stop is almost invariably shown by a similar 
rise of the carbon dioxid The averages for the series represente 
irt of Chart 7 are among the lowest observed. 
- } a8 
| CAR FORRESTON 5-24-1910 ot 3 
i5t irene so°r. i i 
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Chart 7 


In a few instances samples were taken simultaneously in two car 
of the same train, both being equipped with exhaust ventilators. Such a 
condition is represented in Chart 8 (Series 78 and 79. Cars 32 and 33 of 
Table 8), where it is seen that the average carbon dioxid for both berths 
and aisles of the two cars show only a fractional difference. 

If we bring into comparison the conditions of the two classes of cars, 
those without and those with the exhaust ventilators, a decided advantage 
is seen to lie with the latter in the study of berth conditions, as was before 
noted in the study of air from the car body. This comparison is graphic- 
ally represented for the general averages of the lower berths and the aisles 


in Chart 9, and an equivalent for the upper berths of all the cars repre 
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sented in Tables 6 and 8 is computed from the ratios between lower and 


s established from the comparisons made in Tables 7 and 9. 





It was possible in only two instances to make direct observations of 

( ventilation 1 ext classes of cars under identical 
( taking sa es ¢ iltaneously from the two on 
the sai train. The results are shown in Chart 10. 





} if } SUMULTANEGUS >> /OBSERWATIONS >> In Two } | 
CARS. | ON) SAME) TRAIN, > BOTH | With > VENTILATORS >| S-e@-)pla TEMP} 20°F 
: | i 





if tt i iSIMULITANEQUS 

.. See8 eae T2500 RSSSSRSESS ROSES SEER RSOES CORES Be: -UAVERAGES 

KAR FLEE TWING | 
it > PASSENGERS | | [14> PASSENGERS 

ASH BS + PaSSEHER Do PEE Twine tT: 


| BERTHS | ‘AVERAGE (619 | BERTHS | AVERAGE 6.47, 
HH | AISLE ee see er *: :) | AISLE «| Sa 


12 a | +t Le IOLANDA | j 








ir SBSeS Essesgrsnsseass: isssssosse sesss asses soces cesss eee! : 
i babes Seees Spnet estes ISagasesgeees saa sates fests tases sesassssessess 


2 

$ 
ge sae 

° 

s 

2 














\4 
12:5 




















( irt S 

On t left are represented Series 89 (Car 16, Table 6) and 88 (Cat 

; 6, Ta 8): on the right are represented Series 92 (Car 18, Table 6) 
ind 91 (Car 37, Table 8). It will be noticed that the averages lie a 





, 
, 
J 
/ 
£ 
wt es 


W ( Ss ( 

\ observations recorded f efer to berths were 
0 one person only. It som s happens that two peopl 4 
occupy a single berth. Determinations of the carbon dioxid have been : 


: } . } ° 
le in thirty-five such instances in seven cars equip] 


' mad v-fiv 
ventilators. The average carbon dioxid o verths is 9.91 per 10,000. 
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normal increases directly as the number of o nants 
as creat for two persons as for one, the air-sup} remail 


rABLE 10.—COMPARISON OF BERTHS WITH ONE OCCUPANT AND BERTHS WITH 


rwo OCCUPANTS 












































Berths having two occupants Berths having one occupant 
‘ Equivalen Equivalent 
: Hour | Hourly 
Cars Series COz per 10,000 Air-Sup] COs per OM Air-S ipply 
vie rie 
{ t | { 
: 
4 ' 
7 l 48 11.25—(7.63)* 1,655 6.88 083 
: 9 O—(7 1,84 s | 
; : 4 +. 6 1S: Pa) | 
+ 9 12.10—(8.05) 1,481 8.6 | 
7 64 8.50 6.25 667 m4 
6 7: 1.75—(7.88 j 4 1f | 
7 75 8.75—(6.38 21 a! 1,77 
rotals—Average ».91— (6.96 7 7.3€ | 1,78 
*In parenthesis are given the fi prese g ‘ e excess cart oxic 
plus 4 This would represent the ¢ n oxid whic she t fo id t bert ad 
one occupant and had the air-supply been the same It is rectly comp wit he 
figures in the carbon dioxid column for berths having one occup 
@ BERTHS. HAVING Two OLCUPANTS 2-ONe ace - Ai SLE. 
, > 1 seme 23 soaei | ; al 
ie bu Hier Ania °* Benriner | n RL - Pau THENCN™ esx mss = 
+3 38 _PANSESSERS: AA PASSEDGE NS, 31 __ PASSE OMENS | 5 PASSCNMERS 21 PARSEcet 
TEMPERATURE, 18° | ~. Tree, per Trine, Re" | Teme <2°F i cnr. 30°F 
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$44 4g baw a PA aa AA A | SS ay | rg 
th iottsio 2.2719 f | 
SES } ESBCL Shave 2S2E5 tere 
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norma | ives 6 ot p ‘ 
n these ertns th the s ( l | i one ¢ pant 
’ 1 
s, dD 1 comecldence just é la » The cveneral ave 1c 
4 lower berths occupied by one perso! the e class of cars; and 
effective ventilation of the berths is thereto the same rate, name 
equivalent to 2,027 cubic feet of air per h¢ This equa does 1 


} | ; 


hold good whnen we compare PTT = W ne in \ 
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the same cars only; but the discrepancies are not greater than might be 


found by comparing any two berths of the same car. Table 10 makes 


the comparison in detail; and the greater number of observations made 


when berths were occupied by two persons are shown in Chart 11. 


THE BERTH CURTAIN AND DIFFUSION 


Popular opinion ascribes better ventilation to the upper than to the 


lower berth in a sleeping-car. The reason generally given in support of 
this opinion is that the berth curtain entirely covers the lower and onl) 
partly the upper. It is supposed that the curtain hinders the progress 


of air-currents. ‘The findings already given show that the air contamina- 
tion is not very different on the two sides of the curtain, but it may b 
contended that this is a matter of equalization by the diffusion of gases, 
and that the circulation of fresh air is chiefly through the body of the 
car. In order to gain some information concerning the conditions that 


would obtain if the closed berth had to lose its carbon dioxid by diffu- 


sion through the curtain, a series of experiments was conducted with the 
purpose of determining the rate of diffusion under similar conditions. 

A box made of one-inch lumber, containing 6 cubic feet of space and 
having one open side of 4.15 square feet, was sealed by stripping all 
crevices. A standard berth curtain was stretched closely over the open 
side, which was vertically placed, thus representing a miniature berth. 
Carbon dioxid artificially produced was then introduced into this box, 
mixed by blowing in air, and time allowed for equal distribution to take 
place. The box was set in a closed room where every attempt was mad 
to avoid draughts. Samples of the air from the box were then analyzed 
at five-minute intervals until the carbon dioxid had nearly all disappeared. 
As a matter of physics this is no doubt very crude experimentation; but 
the results have enough uniformity to indicate that a general law applies. 
In Chart 12 are shown the results of twelve series of analyses, the same 


symbol representing successive determinations in a single series: and 


the curve is constructed to the average rate of decrease. 


Expressed according to the generally accepted theory of gas diffusion, 


the progress of carbon dioxid and air into each other through such a 
partition and under the conditions given is at the average velocity of 
0.125 of a lineal foot per minute.’® The volume of carbon dioxid which 
16. The computation of this value is completed from the equation: 
Be tee 2 
: og 7 
~ ge r,—N 
Where C =the contents of the box in cubic feet, 
S the surface of the curtain in square feet, 
t time in minutes, 
r, and x the proportion of carbon dioxid in the box at any two successive 
periods t minutes apart, 
\ the proportion of carbon dioxid in the outside air (air of the room), 
and R=the rate per minute (coefficient of diffusion, foot-minutes). 
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of what takes place it may be supposed that through ea 


curtain surface essentially 0.125 cubic feet of the gas mixturt 


passes out during each minute, and that an equal volume 


air enters to take its place - but the motion is one of n ol 
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of movement in masses. This is about one-half the rate given for diffu- 
sion between air and carbon dioxid when no partition intervenes.** 

By using boxes having different relations between the open surface 
and the cubic contents practically the same result for the value of R was 
obtained. The twelve series represented by the chart represent points for 
taking the samples lying 4, 8, 12 and 16 inches back of the curtain, and 
show no essential differences. Assuming that the above established rate 
of interchange is essentially correct for the conditions represented by a 
berth, we may compute to what height the carbon dioxid of a berth would 
rise provided there were no air supplied and the carbon dioxid produced 
(0.6 cubie foot hourly or 0.01 per minute by one occupant) had to find 
ts way out by diffusion through the curtain. The cubic contents of the 
lower berth are approximately 62 cubic feet and the curtain covering it 


approximately 18.8 square feet. Without going into the computations, 


which are long, these figures and the value R 0.125 indicate that the 
carbon dioxid in the air of a berth with one occupant would be about 8 
per 10,000 above that in the air of the aisle after five minutes’ occupaney, 
20 at the end of fifteen minutes, 30 at the end of half an hour. 39 at the 
end of an hour, and would reach and maintain a final difference of 42.5 
This proportion would be maintained by the entrance into the berth of 
about 135 cubic feet of air per hour. From which it appears that diffu 
sion of this sort has practically nothing to do with the problem in hand 
ind that the berth must receive essentially the amount of ventilation pre 
viously determined In other words, the berth does not act as a closed 


compartment, but is essentially a part of the general space of the car 
body, and is subject to the effects of air-supply and air-currents through 
and around the curtain very much as it would be were the curtain entirel\ 
ibsent 

riitk SMOKING-ROOM 

Thirteen observations were made in crowded smoking-rooms o irs 
without ventilators. The occupants were from 4 to 7, the earbon dioxid 
from 10.5 to 20.5 per 10,000. The average carbon dioxid, 14.88, with the 
average occupants, 5.85, would be maintained by an air supply 
cubie feet per hour for the room. 

Eleven observations in smoking-rooms of cars equipped with exhaust 
ventilators had 4 to 8 occupants, and carbon dioxid from 7 to 16.5 per 
10,000. The averages were 6.1 occupants and 11.41 carbon dioxid: the 
equivalent air-supply would be 4,940 cubic feet. 

No account is taken in this connection of the carbon dioxid produced 


by the burning of tobacco and matches 


17. Winkelmann: Handbuch der Physik, J. A. Barth, Leipsic. 1908, Ed. 2, 
i, 1420. 
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DAY COACHES AND OTHER CARS 








































Forty-three observations were made in day coaches. The number of 
passengers averaged 32.63 and the carbon dioxid 9.38 ; the equivalent ven- 


} 


tilation would be 36,300 cubic feet per hour. These cars were dependent 


upon so-called natural ventilation. The result corresponds closely to the’ 
general average for the sleeping-car, the difference in air-supply being 
about proportionate to the difference in size—the full length of the day 
coach being open to occupancy. 

Determinations of carbon dioxid were made from the air of various 
places occupied by an unknown number of people for purposes of com- 
parison of the contamination. These included street-cars, elevated cars, 
suburban steam-cars, stores, offices and restaurants. They were all made 
during the cooler months of the vear and under various conditions. The 
cars were from half full to crowded, restaurants were taken at the lunch 
hour and the offices were well filled. The average and maximum carbon 


dioxid and the hourly air-supplies per person necessary to maintain the 


various averages, as well as those for the body and the lower birth of 


sleeping-cars equipped with exhaust ventilators—now standard construc- 
tion—are shown in Table 11 and the general comparisons are graphically 


represented in Chart 13. 





No. of COz per 10,000. Equivalent hourly 
Place Obser- : : air supply per 


vations. | Average. Maximum. person, cu. ft. 





Sleeping Cars (Body).........<+.++- 204 6.20 10.0 
Sleeping Cars (Berths)........... ee 690 6.96 13.5 
Day Coaches ... prektendetens Geen 43 9.38 21.0 
Street Care ..ccccccccccccccccccsecse 45 15.10 29.0 
Elevated Cars ....cccccccsccccccccece 17 13.) 26.5 
Suburban Coaches sees ocvee 47 14.30 38.0 
Stores oc ceceweccccccesoasesecoecooss 23 8.80 10.0 
REStMurants .....ccssccsccccccoccocess 51 16.10 26.0 
QOMMCOB cccccccccccccccccccceccescocses 26 13.91 19.0 











THE STILL CAR 
About 200 samples of air from still cars have been analyzed. It is 


usual to find that the carbon dioxid rapidly increases when a train stops 
running. ‘This increase reaches its maximum only after a considerable 
time, and the final height is variable, depending largely on the force of 
the outside wind. A strong wind will drive much air into the car, a light 
one proportionately less. Among these 200 observations the carbon dioxid 
passed 20 per 10,000 but twice—20.5 and 21.5, both in lower berths. It is 


usual to find the maximum around 15 in cars that are occupied at stations 
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Che effect of starting the train is invariably to bring down the carbor 
dioxid rapid \fter thirty minutes it has cn s low a point as 
an be expected to maintain. Chart 15 will illustrate the condition better 
than any description. <A light breeze only was blowing when the obser 


Lions were made 
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Chart 15 
Hi} NTRANCE AND DISTRIBUTION OF AIR 


It has been shown that an average of over 40,000 cubic feet of air per 
hour enters the breathing-zone of sleeping-cars equipped with the type of 
exhaust ventilator herein considered. It has been further shown that 
approximately twice this much air leaves from the upper portion of the 
car through the six or eight ventilators used. In the absence of spec ific 
intakes it is difficult to determine exactly in what manner this air finds 
an entrance 
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Sleeping-cars are snugly built; the crevices are small; but no crevic 

is too small to admit air, provided a little pressure is behind it A row 
windows covers each side of the car, another row of small ones exten 
ong each side at the deck level, and each end has a door. There is a 
sum total of approximately 500 lineal feet of crevices at their edges. If 


ey average one-fiftieth of an inch in width and admitted air at ha 


e rate of the train speed, the 40,000 cubic feet would be more than 
unted for. Some of these crevices are much larger than one-fiftiet] 
| y ] “Y ah! ‘ 1] ? + , " ] ; 1? | a 
f an inch, some are probably smaller. | s not unusual to find ai 
entering certain areas of open windows at a rate equal to one-half the 
iln speet or even more Phe crevices may act n the same wa the 
passage of air through such invisible openings is a much more important 
means of ventilation than might be thought. Pettenkofer'’ showed that 
en all visible chinks were closed in a room the rate ¢ vent ition is 
( reased on ’S ner cent s compare | with the rate whel the do < 
ere closed in the rdinar Wi Putnam!® shows t entered 
] ] 
oom through a registe most as rapidly when every mé = Was taken 
it a tight as when the doors stood open There is no difficult 
th the draught of an open fireplace when the room is closed, t ig 
‘ pound of co onsume iuses some 2.600 « Tee rt 
ss up the flue 
Samples of air were taken simultaneously from various locations it 
nine ) } ; latnyr wna »} ] ‘ ] lotar 1 ] 
sieeping-cars with exhaust ventilators and the carbon dloxid determines 
n an attempt to find where the contamination is greatest. So long as t 
samples are taken well within the body of the car they show near] 
niform results for different levels and different locations; hence t 


eneral mixing of the air must be good. The carbon dioxid is, on t 


verage, a little lower close to the floor than higher up. This is cor 

sistent with the upward trend of the flow to the ventilator exits. There 
s essentially no difference between the breathing-zone and the bell-cor 
vel. There is a slight difference between samples taken at the breathu 


level and near the ventilator exits, the latter being lower: but the differ 


ence is not so great as would be indicated by the difference in the dilutior 


] 


the lower air and the amount leaving the car through these exits.' 


The one way in which strikingly different comparative results are 


uught out is by collecting samples from within a few inches of the 
ps or bottoms ot ti windows and from the body of the ear Thirty- 

such comparisons were made Twenty-three times the a taker 
18. Quoted by Macfit Air and Health, E. P. Dutton & Cx New Yor! 1909 
209 


19. Notter and Firth: Quoted by Macfie, Air and Health, p. 207 
20. One must be careful in collecting samples at these exits not to breathe 
rectly into the air being collected rhe first samples ¢ ected were rendered 


iseless by failure to observe this precaution 
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worked conti! si\ I | s I ears \V I t I Tt ts It 1 
siona rose to 6 per cent. and even 10 per cer nd then 1 a 
ing pure ca n dioxid be } per cent. and « n as : 315 ne 
cent nas I eff ct al 1 wre es | Tres ne S Toms It S 
very rare for the carbon d ad ced b : ition to contamunat 
the air of ar rool even th the poorest nt ticr , 2 extent 
more | n 0 ts I LO.000, r one a Cl nt It s 7 t I 
ac ordal e wit the ¢ el to s e tot Ss al t IrDo! cid 
alone an in nfluence 
In re I I to = I ent i I I = ( I ( 

accepted that carbon dioxid in s amount as is é to be found it 
inhabited roon even nt 0 parts in 10.000. 1s 1n its entire " 
less, but that when this is e to respiration certain p nous organi 
The allowable amount of carbon dioxid as res t impurity has been 
various laces at from 2 t 10 parts, or a tot l ¢ 6 to 14 parts n 
10,000 of air, the limit being placed at that degree of ntamination at 
which the sense of smell begins to give the first indication of oseness 
to one entering the room Irom without. It is alWavs veen recog! ed 
t t g Stal irds 0 personal ¢ eanliness 1 ‘ vy this mit to go 
higher than when such standards are low, t t those wl n do not per- 
ceive any odor as readily as one entering, and that the contamination at 
wl ic! aqaiscomiort devel Ds s hable to great variat n \s a result of 


LO.000 \ day. and 40 yolumes D nighi when gas or o s used for ] t 
: ’ 
ing. It has been very generally stated that a t 10 volumes in 10,000 
Pas { " f ‘ 
allows a lair margin ot! satety 
Though poisonous dies int expired een eal entioned 
they were rst claimed to have been demonst ‘ Brown-S: , ind 
D’Arsonval,?* in 1888 and 1889. The niected the condensation fluid of 
. , ’ : 
the expire: eath into 1 t= a} nro ed deat It seco] ! ( 
experiments the irranget 1 Ss eS ( wes T ra tS were Tr ed 
, 1 } 1 4 ; ; { 
so that each succeeding cage re ed é m the on ore 
it In the end « oe ral ts dik t it the lr rect ed into this cage 
were pass ad thre 1g S Ip l AK 1 the ra ts T 1ine | ve From 
these experiments it Was co! ed that t ( ed alr « tain NOISO! 
23. Haldane and Osbort First Report of the Departmental Committees 
appointed to inquire into the ventilation of factories and rkshops. London, 1902 


p. 5. Quoted by Soper, The Air and Ventilation of Subways, Wiley and Sons 
New York, 1908, p. 44 
24. Brown-Séquard and D’Arsonval: Compt. Rend. de l’Acad. de Paris, 1888 


evi, 106, 165; 1889, eviii, 267, 1295. 
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es. whi were considered to be of the nature of volatile ptomains 


ains, and were looked on as exceedingly toxic. A vast amount 





was inspired by the work of Brown-Séquard and D’Arsonval, 
Lu orkers who attempted to confirm their results i 
Merke stands almost the only important sponsor for the correctness of i] 
t sions: and with some changes in technic he was unable to get ; 


results is late as 1894 Brown-Séquard and D’Arsonval* 


eir earlier results and insist on the existence 


ns. most e later investigations go to show that no sucl 
and errors both of technic and conclusion have been pointed | 
t t esults W the obtains 7 
LD) | posed one dog the iir of others and 
et afte . They con led periments that 
sat vil I Cd s ne I I \ i =T ed watel 


J “° Haldane and Smith,*® Billings, Weir Mitchell and Berge and 





\\ \J ind Berge Forman and others, with the conclusion 

‘ st e expire ir, and it the anu Ss oL the is 
7 

I I irbon x ( es 10 per cent. to 12 per cent 

tion vel tions Dp ie dea 

il I I ‘ ee! 1 t ( of ammonia in the pbpreatl 

I Ss ¢ I om oO! acid These have their origin in decayin 

nd pa \l or effete discharges. They exist in such smal 
Merkel Neue Untersuchungen iiber die Giftigkeit der Expirationsluft 


Arch. f. Hyg., 1892, x l : 


6. Brown eéquard and D’Arsonval Are de phys norm. et path 1895. 4 
x\ 113 | 
7. Dastre and Loy Recherches su a1 toON té de Vair expiré, Compt i 
rend. Soe. de biol., 1888, v, 91 
28. Von Hoffmann-Wellenhof Enthilt die Expirationsluft gesunder Menschen 
ein fliichtiges Gift, Wien. klin. Wehnschr., 1888, i, 753 
%. Lehman and Jessen Ueber die Giftigkeit der Expirationsluft Arch. f in 
Hvyg.. 1890, x, 367 
‘0. Haldane and Smit The Physiological Effects of Air Vitiated by Respi ' 
* 


ration, Jour Path. and Bacteriol, 1892-3, 1, 168, 318 
$1. Billings, Mitchell and Bergey The Composition of Expired Air and Its 


Effects on Animal Life Ann. Rep. Board of Regents, Smithsonian Inst 1895 


General Appendix, p. 389 


32. Beu Untersuchung tiber Giftigkeit der Expirationsluft, Ztschr. f. Hyg., 
So xiv, 64 
Rauer Untersuchung iiber die Giftigkeit der Expirationsluft, Ztschr. f 


llvg 1893, xv, 57 
34. Liibbert and Peters Abst. in Hyg. Rundschau, 1894, iv, 1118 


5. Formanel Ueber die Giftigkeit des Ausathmungsluft Arcl f. Hvg 


1900, xxxviii, 1 An excellent review of the literature 
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quantities as to have no practical bearing on the question, in the opinion 
of those best qualified to judge. 
The researches mentioned were practically all on animals, and this 


account for their conclusions not having found such general accept 


rY 


ance as would induce their practical application to problems of ventila 
tion. It is common practice still for hygienists to insist that ventilation 
of rooms is necessary because the air becomes poisoned with gaseous 
excretions and that the carbon dioxid of the air is the measure of danger ; 
and this in spite of the fact that practically all significant evidence is 
to the effect that no such poisonous excretions exist. The assumptior 
seems to find its support in the fact that certain susceptible individuals 
suffer from oppression, malaise, headache, nausea, vomiting and ever 
collapse under certain conditions in crowded rooms If not due 
poison, to what then are these phenomena due? 

Hermans™ long ago suggested, since he could not find sufficient 
chemical changes in the air to disturb the health, that the influence is ver 
ikely a thermal one Indeed, the symptoms are not very different fron 
those clearly recognized as heat exhaustion, nor from those experience 
in the open air on certain hot and humid days. Heat and aqueous vapo1 


must increase enormously in ill-ventilated places with many occupants, 


I 
and thus prevent the usual dissipation of body heat to the surround 
Ing alr. 

In order to bring the problem into direct relation to the ventilation 
of rooms for human habitation, and to get nearer the cause of the distur 
vances often observed in closed spaces, a series of experiments were carried 
out about five years ago in the Institute of Hygiene in Breslau by Hey 
mann,** Paul*? and Erclentz.** These experiments were carried out under 
the direction of Fliigge,** who has admirably summarized and interpreted 
the results. 

Paul placed healthy individuals in a cabinet of 3 cubic meters’ capa 
tv where they were kept for a variable time up to four hours, and unti 
the carbon dioxid had risen to 100 or 150 parts in 10,000—an accumu 
lation of gaseous excretion practically never developed under ordinary 
conditions. In these experiments no symptoms of illness or discomfort 
developed so long as the temperature and moisture were kept low. Tests 

the psychic fatigue of these individuals by means of the esthesiomet: 

36. Heymann: Ueber den Einfluss wieder eingeathmeter Expirationsluft auf 
die Kohlensiiure-Abgabe, Ztsch. f. Hyg., 1905, xlix, 388. 


37. Paul: Die Wirkung der Luft bewohnter Riiume, Ztschr. f. Hyg., 1905 
xlix, 405 

38. Erelentz: Das Verhalten Kranker gegeniiber verunreinigter Wohnungs 
luft, Ztsehr. f. Hyg., 1905, xlix, 433 

39. Fliigge: Ueber Liiftverunreinigung, Wiirmestauung und Liiftung in 


geschlossenen Riiumen, Ztschr. f. Hyg., 1905, xlix, 363 
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ventilation, the air-suy 
in this study, is ample under nearl) 
lioxid in the air of running cars falls 
on permitted by the earlier investi- 
e individual observations show mort 
t of the newer conceptions, whicl 
only to a very limited extent, this 


ms oO served No danger to healt] 


tions ordinari obtaining even 11 
short riods as a rule and are not 


vated in this study, which is now a 
Pullman cars, are entirely adequat 
that those difficulties and discon 

tu O er Causes il i 0 1 
essive vitiatior It is extreme 

\ now amounts to trom s1\ 


content of the car each hour, and must 


atmosphere, would aid in any othe 


d air in summer, or to dry it when 


1 open ndows are the availabli 
n hot weather may be most read 
at as rapidly as possible by a stron 


e of overheating in winter would 
control to meet the rapidly cnang- 


oTeat 


e operated 18 a matter ol 


t is necessary to have in sleeping 
surface as is demanded in commo) 
houses; this in order to warm t! 
harged so that it will maintain con 
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ase this surface would be to fail 


t 
ire on occasion. A system is needed 
controlled to meet rapidly change 
being experimented with in which 
surface, each with a separate cor 
from this a more uniformly con 

protest is here urged against th 
life. It 


s undoubted that crowd 


from the excess of heat and mols 
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ture in their atmosphere, and that foul-smelling air may be, for thos 


susceptible to it, productive of temporary disturbances of considerab| 
importance, though these are reflex rather than toxic in charact 
Fliigge, in reviewing and interpreting the facts established by his e 


workers, urges that life in the open should be more and more resorted 


to: but he would have the motive correctly understood: not that 


neo 


chemical condition of inside air is harmful, but that it is the overheating 


Fe SH 


+} 


] of rooms that causes disturbances of health: that one should go into 
open, not because one may there breathe chemically purer air, but 
because its almost constant motion carries away the body heat and causes 


rit 


a beneficial stimulation of the skin; and reflexly brings about a heightened 





eell activity that aids in the development of sturdy health. The chemis 
try of air and “crowd-poisons” have little or no part to play in the expla 
nation of outdoor benefits or of indoor discomforts. These are bot! 
dependent upon physical conditions; and their explanation rests with the 
physics of heat interchange between th nd its surround 
medium. 
2 Adams Street. 
i 
: 














BOOK REVIEW 


MEDICAL EDUCATION IN THE UNITED STATES AND CANADA 4 Report to the 
Carnegie Foundation for the Advancement of Teaching. By Abraham Flexner 
With an Introduction by Henry S. Pritchett, President of the Foundation. 


Bulletin No. 4 Paper Pp. 346 576 Fifth Avenue, New York, 1910 


In this report Mr. Flexner presents a comprehensive statement, based on a 
thorough investigation of the conditions pertaining to medical teaching in the 
United States and Canada The report is extr mely time ly and will do much to 
bring about that readjusting of our medical schools for which a number of 
agencies are now working General interest in the subject has been stimulated 
in recent years, especially by the excellent work of the Council on Medical Edu 
eation of the American Medical Association rhe medical public should, there 
fore, be in a position at this time to accept the advanced position indicated in 
the constructive criticism of this report rhe effort is apparent throughout to 
give full credit for everything that is praiseworthy in each institution At the 
same time the various questions are met with directness and candor, and short 
comings are frankly and clearly pointed out. Without the comprehensive state- 
ment of facts which this report places before us many would not be able to 
appreciate the deplorable conditions permeating our system of medical teaching— 
conditions which have developed largely as the result of what we have to 
acknowledge as an American idea, the proprietary school of medicine. The 
disgraceful situation existing in many cheap diploma mills, called medical 


schools merely by courtesy, in which Chicago appears to take the lead, has not 


before been brought so clearly and definitely to the attention of the public It is 
indeed refreshing and encouraging to have the situation in these institutions of 
quackery discussed frankly by an outsider who ean have no bias or interest to 
serve other than the improvement of present conditions 

rhe report is on the whole constructive, and will no doubt serve to crystallize 
is to popularize certain ideals toward which medical education in this 
country is certainly tending Foremost is the idea that the medical school must 


be a department of a real university and dominated by the same ideals of investi 


gation and teaching which characterize any real university department. An 
imme ite 1 iit ich we can hope for from t report is the abandonment, at 
least in our better institutions, of the practice of voting into the university a 
proprietary mv il school and dubbing it the medical department of the univer 
sity, whereas in reality the medical school retains in every detail the ideals of 


the proprietary school and is in no sense a university department of medicine 


Another idea developed at length in this report which is fundamental in the 
problem of ir medical schools is their relation to the hospital rhe report 
makes quit ear the fact that the hospital is in reality a laboratory in clinical 


medicine and as such to be efficient it must be owned and controlled by the 
medical s | One sort of laboratory may as well be borrowed as another 


The university professor of physics can teach his subject in borrowed quarters 
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quite as well as the university professor of clinical medicine The student 
1 q 


can never be part of the organization in a hospital in which he is present on 
sufferance” (p. 99). 

The few pages which were deemed sufficient to devote to the postgraduate 
school in this report contain in conclusion the statement that 1dvanced instrue 
tion along these lines (the specialties) will not thrive in isolation It will be 
but the upper story of a university department of medicine.” The smatterings 
of elementary instruction now constituting the teaching in these postgraduate 
schools will not be necessary when once the undergraduate schools are doing 
their work properly. Graduate work in medicine, as in any field, is a function 
of the university for it embodies the idea of investigation and the discussion of 


unsolved problems. 
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THE DIAGNOSTIC VALUE OF THE ORTHODIAGRAM IN 
HEART DISEASE* 


J. G. VAN ZWALUWENBURG, M.D. 
AND 


L. F. WARREN, M.D. 
ANN ARBOR, MICH. 


The orthodiagram has been a disappointment to those clinicians who 
had hoped to find an accurate estimation of the size of the heart of use 
n diagnosis. Particularly in the field of cardiac neurosis and early 
myocarditis, in which the ordinary diagnostic methods fail to show an) 
enlargement, evidence of a slight enlargement might be expected to have 
diagnostic or prognostic import. 

The roentgenogram does not give us such evidence because of the 
magnification of the cardiac shadow by the divergent rays and because 


of the lack of definit 


on at the margin, sine Lhi¢ eart 1s 1n active mol 


while the exposure is being made. The orthodiagram, however, gives 


perfectly definite images of a moving organ, allows of the observation of 


any anomaly of motion, and depends o1 on the skill of the ¢ ator in 

the interpretation of the images viewed. In addition it leaves a per- 

manent record of that interpretation in the actual d nsions the 
1 ] 


’ 


UI! the various dimensions ot the heart shadow which have been 


proposed, the following have been most commonly adopted: 


1. The right-median (M.R.) or greatest perpendicular distance from the 
right border to the median line (k-l). 

2. The left-median (M.L.) or similar measurement to the left (m-n). 

3. The total transverse (T.T.) or sum of M.R. and M.L 

4. The long diameter (L.) measured from the auriculovenous junction to the 
apex (a-l). 

5. The area of the completed heart shadow. A dimension less frequently used 
is the transverse (trans), measured from the left auriculoventricular junction to 
the auriculohepatie angle (b-c). 

M. R. and M. L. are the orthodiagraphic equivalents of the measure- 
ments obtained in routine percussion of the deep cardiac dulness, and as 
such have a distinct value as a check on the examiner’s technic. But, 
because they are always measured in the horizontal direction without 
reference to the obliquity of the long axis of the heart, their numerical] 


* From the Department of Internal Medicine, University of Michigan. 
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The estimation of the area so enclosed is best accomplished by the use 





of the planimeter, an instrument used by engineers for measuring irr 
Its scientific accuracy is limited only by the exactness with 
circumference can be followed by a needle-point. By the kind 


ness of Professor J. A. Moyer, of the engineering department, we are 
able to measure all our diagrams by this means. 

One may assume that the heart shadow approximates an ellipse and 
apply the formula for the area of this surface, namely, 3.1416/4 times 
the product of the long axis and the short axis. By drawing the longest 


diameter (p-7) ot the completed ntigure, then constructing a short dla 

















4 
\ 

Fig. 2.—Splanchnoptosis, Case 126, M.R. 2.7 M.L. 7.8 em.; long 
diameter 11.5 cm.; area 81 sq. em.; index .8307 Right auricular shadow does 
I I t I ia \ Vertical pos 

: ; 
eter (7-s) normal to and sect this line, and ust ese values 1n the 
i, 1 s are obtained which vary bu ttle from the plani 
. ' 
(] 

4 <<] 4 ] ] } 
as ( one diamete! (aq-d) a ed | 3 ( rmwn fro 
the auriculovenous anele and is frequently considerably shorter ¢] 


1 


1; Irour f+. ] . on } . } ] “lar TT 
iine drawn irom some other point on the right raer, To n 


approximation closer, this line should be drawn as near the center of 
] 


inertia of the figure as possible, although, actually, it often lies a short 
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ul ibo t. The average error of the method in our series is in 
the neigh 1 of 3 or 4 per cent. and the highest was 8 per cent. in 
1 heart of very irregular shape. 


Clavto is proposed a method of approximation based on a similar 
aleulation using the long and the transverse diameters. In a series of 


normal diagrams he found 70 per cent. of the product of these dimen- 


sions closely approximated the area. The two diameters intersect at such 


an angle that the transverse diameter always exceeds in length a perpen 


] } ) ] ) | 
dicular to the long diameter, thereby reducing the necessary constant 
factor from 0.7854 to 0.7000. The difference in length depends, however, 





v 


Fig. 3 Aortic regurgitation well compensated. Snub-nosed heart. Case 58, 


M.R. 4.5 em.; M.L. 9.4 em.; long diameter 14.8 em.; area 115 sq. cm.; index 


logical hearts is su 


on the obliquity of this angle, which in pat! bject to 
wide variation, resulting in a considerable error in the majority of cases. 
Before slight enlargements of the heart or changes in its position can 
he recognized. a standard or norm must be established. Series of meas- 
urements of normal hearts have been published by Dietlen,? Groedel*: * 
1. Claytor and Merrill: Am. Jour. Med. Se., 1909, exxxviil, 549. 
2. Dietlen: Deutsch. Arch. f. klin. Med., 1906, Ixxxviii, 55. 
3. Groedel, F. M Die Orthoroentgenographie, Munich, 1908 
$ Groedel. F. M.: Roentgen Diagnostik, Lehmann’s medizinische Atlanten, 


vii, Munich, 1909 
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University Hospital, because the 1 er ses reported and the 1 

ber of observations on each case are larg than in any of the others It 
includes the measurements of 187 male and 74 female adults, classified 
according to age, weight, statu etc In his opinior the dimensior 


TABLE 1 TABLE OF DIMENSIONS OF 187 NORMAL HEARTS, AFTER DIETLEN 


Ttl. Trs. Diam. (mm.) Long. Diam. (mm.) Area (Sq. cm.) 
Cla Kilos Pounds Max Aver Min Max AV Min Max AV Min 





Ee 40-44 88-97 123 113 106 135 121 114 104 92 is 
Il $5-49 100-108 122 114 141 129 126 112 102 9S 
111-120 138 124 1h 135 120 124 104 S4 
120-1 147 129 151 140 128 128 112 101 
133-134 146 131 159 141 127 138 114 91 
145-14¢ 145 132 152 145 134 13 118 102 
157-165 149 134 2 162 148 135 149 oe 106 
166-175 150 145 161 155 136 139 131 120 
176-184 15¢ 145 139 156 l 150 134 133 124 


f this table has been found unsatisfactory. The averag« 





to be too large for our cases in every class, from light 


} 


weight to heavy weight. The position of the patient may be to blame for 


some of this, since Dietlen used only the dorsal position, while many of 


our orthodiagrams were taken in the erect position. A factor which is 


probably more important is the sort of material he used, much of it being 


raw! rom s ciier ron 17 oO! ! tal post en oO are 

tr Si¢ 1 Sire us ( il I 
expected to show hearts unusually large for their weight. Possibly also 
racial characteristics of build and the proportion of thorax to abdomen 
materially alter the obliquity of the heart’s axis, and so the proportions. 

Both Groedel and Claytor 1 somew smaller values on diagra 
taken in the vertical posit t their series are rather too small t 
aliow ol con sions 

\ ore sf jus obstacle to the estir l < I t 
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I i n the exa S give Ww 
‘ r 3 t I gurgitation 
Figures 3, 10 and 11) 
| m 4 ‘ ’ y s¢ the sl e ( tne leart 
S of assist ( st s con ed lesions 
( ves W we S o valvular disease. For 4 
s t é ible fixed landmarks on the cir- 
( eart s vy (Fig. 1), namely, the right au ilo- 
\ g é gle (c), the upper extremit 
of t I (b), and t apex of the heart (d). With 
y these lan 3s ma é d in the majority o 
es n the erect position, which is the position chosen in our 
the rests at a er | and the apex 
\ es 
\ 
\ 
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em 





J. G. VAN ZWALUWENBERG—I I WARREN 145 


the four, because on its position depends the value of the long diame 


and the area. It is also the most difficult to fix exactly. It represents the 
thinnest part of the heart; its motion has the widest excursion; and it 
} 


ies depressed beneath the diaphragm shadow in the shadow « he left 
] 1] 
( 


lobe of the liver. It is perhaps the least reliable of all 


d By joining a and d we have the ordinary long diameter. The line 
b-c represents the transverse diameter as measured by Moritz. These tw 
lines intersect at an oblique angle at 0, the obliquity depending on 

| the pe and the posit ( ( 


The line }-c does not accurately represent the auri 


, ‘ 
uloventricular sep- 





tum either in position or in direction, but it may be assumed that the two 


areas into which the heart shadow is so divided are roughly representat 


| of the auricular and ventricular areas, and, if the two segments are 


oN 


~ 
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| Fig. 7 Mitral stenosis, showing prominence f left auricular shadow, wit 
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OF INTERNAI UWEDICINE 





Univ one « ( incomplicated aort ecul ation n naer our 
observation and gay n index of 0.378 (1 3). Of the cases showing 
" + } ] soratl . : -_ . od } 
higher 0.400. one Vas complicated with pernicious anemia, and tne 
murs, probably as a result of 


M4 } 5 | . | ° 
ed under the nephritics and 


other three showed 








( itation. ‘| wo of the latte r are also class 
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T 1 i i ‘ no ] | t ai ey “At 2 OT Wwe n i) 252 i {) '.) with 7 
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permanent type of irregularity and two others are classified with the 
nephritics. The lowest value was found in the latter complication with 


heart. 


The group of nephritics shows a wide range in index as well as in 


relatively little insufficiency of the 
area. We are not in a position to offer any interpretation of this vari 
ability. In a general way we find the cases with cardiac complaints at 
the lower end of the scale and those complaining of headaches, loss « 
vision, gastric complaints, etc., near the upper end. 

The athletes were taken from long-distance runners and range ws 


ibove the average, lying between 0.731 and 0.912. Casual inspection of 











Fig. 12.—Athletic heart. Two-mile runner. Case 142. M.R. 5.3 em.; M.L. 
8.5 em.; long diameter 14.5 cm.; area 98 sq. cm.; index 


1 


the orthodiagram shows a pyriform shadow with a long and wide right 
auricular border on a comparatively transverse heart. The areas of these 
figures are all well within the maxima given by Dietlen. 

As representatives of the heart form described as the pendulous heart, 


we have listed five cases of splanchnoptosis (Fig. 2). These hearts are 
all small, falling near or below the minima for their class. They are 
characterized by a very low position of the point c. Indeed, the auricular 
border may meet the vertebral shadow above the diaphragm so that the 
heart appears to be freely suspended above the diaphragm. In such 
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ove aoes not exist I ‘ nee! ( Tie 
border with the vertebral border must be taken as the lower extremity o 


the transverse diameter. The index accordingly ranges above 0.816. We 
| taken as demonstrating that the 
thoracic viscera partake of the general relaxation and ptosis found in 
this remarkable condition. 

Although our series of sixty cases is too small to allow of any but the 
broadest generalizations, we believe that we are justified in the con- 
clusion that an abnormal index is an early evidence of the increase in 


size of one or more chambers of the heart and may occur before su 


— 








Fi 13 Diagram of a case showing a presyst« lic roll at the apex and a dias 
lic blow in the third left interspace Pulse quick but not collapsing. The ortho 
+Y o va f f y ind index of mit? 1] stenosis as against 1ortie regurgita 
‘ \ F] murmur The latter lesion is either absent or must 
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the naex Vv i ein the d imnosis of doubt! | or con ne esions il | 
i the index valu: } he diag f doul ned | ns, and 
- 
‘ , ‘ ’ P : 
; t is hoped that the small tiuctuations iound associated with renal con 
ditions mav sometime be of diagnostic and prognostic va] 


TABLE 2 rABLES OF DIMENSIONS OF 60 ORTHODIAGRAMS CLASSIFIED 


ACCORDING TO DISEASES 


. 
Areas 
, a” z M = - = 
z = 2 = 5 = = = = - > $2. 
a > -f - = be - = 
2 oe v2 < = A 7 rol —_ a 4 = 
MITRAL STENOSIS UNCOMPLICATED 
a | 990 =F 150 53 95 120 159 136 135 128 
139) §=1006 F $8 145 45 82 111 128 81 ") 77 
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MITRAL STEN IS—COMPLICAT 
170 1000 28 128 53 72 110 136 1 TY Mitral recur 
145 1040 S82 117 137 107 M l regurg 


60 1110 
46 OSS 
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= ts 

te 

© & &s so 
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| 
Areas — ; 
' 
: 
4 a Z. < = = = ~ _ Be Z) < ~ ; 
NEPHRITIS—U NCOMPLICATED ‘ : 
no M. 61 177 61 133 4132 198 186 177 ~=« 181 : 
77 M ; 40 110 118 160 118 131 116 i 
68 M. 49 188 58 121 128 188 ees : 
74 M 40 120 110 193 136 148 144 
13 M 56 126 40 118 108 165 114 126 109 
61 M ° 38 93 116 133 101 108 101 
37 M 57 125 58 69 109 136 v2 103 SS 
168 M 3 103 10 6108 129 161 . 140 139 
158 M 48 114 43 S8 112 142 101 112 100 
154 M 36 152 > 111 120 156 108 131 101 
S85 M 51 160 40 83 105 130 90 95 86 
NEPHRITIS—COMPLICATED 
88 355 M. 52 136 61 132 £161 205 211 231 208 Aortic regurg 
99 386 M 62 138 42 #104 110 148 100 114 101 Arterioscl'sis 
78 in6 M 48 140 56 124 136 175 ne , Aortic regurg 
95 i179 M 154 14 122 133 177 77 164 170 Aortic regurg. 
69 539 M . 40 120 119 180 163 150 167 Myoc. insuf 
67 561 M 5 136 49 93 109 142 98 109 93 Anemia. 
42 625 =| 54 134 50 103 120 156 123 131 123 P.L.P 
41 625 M 64 129 48 134 145 184 164 187 167 P.LP. 
167 750 M 50 120 43 113 27 162 144 138 Myoc. insuf 
76 815 &| 53 «4106 30 95 109 135 108 103 110 Mitral regurg > 
100 71l M 22 185 68 95 148 168 172 174 160 Mitral regurg 


ANGINA PECTORIS 


94 450 M 51 148 54 78 109 143 117 109 119 
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ANGINA—COMPLICATED 
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MYOCARDIAL INSUFFICIENCY WITH COMPLICATIONS 
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167 750 M. 50 120 43 113 127 162 eee 144 138 Nephritis 
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ATHLETES—TRACK TEAM 
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142 735 M 23 158 53 Rh 117 145 98 119 92 & 
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160 739 OM 22 155 50 S4 122 135 115 109 
156 768 M 25 «4145 48 91 111 144 103 113 100 
149 781 M 20 142 57 130 147 145 114 113 113 
157 825 M 22 15o 45 95 115 146 101 118 96 
140 S41 M 21 (127 ¢ 61 91 117 66 74 71 
146 912 M 20 132 48 79 11 131 98 109 95 
SpLANCHNOPTOSIS—UNCOMPLICATED 

11f 816 | 2 112 30 8662 87 110 6 67 65 
12 830 M 6 136 27 78 98 115 81 79 79 

2 1035 | v4 47 64 o4 112 68 74 72 

SPLANCHNOPTOSIS—WITH COMPLICATIONS 
23 920 F. 17 #102 27 79 83 122 79 71 84 Chlorosis 
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STUDIES OF MALARIA IN PANAMA. II. TREATMENT OF 
BLACKWATER FEVER 


PERNICIOUS MALARIA WITH HEMOGLOBINURIA AND ERYTHROLYTIC 


HEMOGLOBINURIA* 


WALTER BREM, M.D 
COLON HOSPITAL, CRISTOBAL, CANAL ZONE 


“Blackwater fever” is a term commonly used to designate fever with 
more or less definitely with malaria. It 


embraces, I believe. two tvpes of hemog!obinuria, which shoul 


] 
hemoglobinuria, associated 
1 be ( learly 
differentiated for purposes of treatment and of study. The first type 
is associated with enormous numbers of malarial organisms, and, like the 


hemoglobinuria of piroplasmosis, its intensity is in direct relation to the 


The mechanism of its production is, I am led 


severity of the infection. 
to believe, the immediate destruction of erythrocytes by segmenting para- 
sites, and differs from the mechanism of the second type, which is due, it 
is generally conceded, to the solution of erythrocytes by an unknown 


I venture to propose, therefore, that the terms 


} 


hemolysin (erythrolysis). 
“blackwater fever,” “malarial hemoglobinuria,” “hemoglobinuric fever,” 
etc., be abandoned as leading to confusion and possibly to grave errors in 
treatment, and that the two types of hemoglobinuria be described under a 
differential nomenclature. 


Type 1.—Pernicious malarial fever with hemoglobinuria. The etiology is 
known and it is better that the condition or symptom of hemoglobinuria should 
not receive a more prominent place in the diagnosis. 

Type 2.—Erythrolytic hemoglobinuria. Our knowledge of the etiology of 
this type is incomplete, and until an etiologic 
applied it would seem best to use one based on the mechanism of production, and 


terminology can be rationally 


on the most prominent feature of the symptom-complex. 


ll employ this nomenclature. 


If I may be permitted to do so, I sha 


PERNICIOUS MALARIAL FEVER WITH HEMOGLOBINURIA 


\ typical example of this type is presented in the case reports (Case 1, 
Chart 1). The hemoglobinuria was anticipated from the examination of 

d about thirty-four hours before it appeared: 15.6 per cent yf red 

d corpuscles in the peripheral blood were infected ; the urine had th 
haracteristic appearance of “blackwater.” 

ft 1 at the seventh annual n of t \ nS of Tropica 
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Si ! ntio1 : drawn to the separation ol this type of hemo 
al eight patients with pernicious n alaria have been admitted to 
the hn lal, and in the urine ol all we were able to demonstrat the 
presence 0 hemoglobin: in the last six the blood examination led us to 
sus ts Immune! e. and to foresee any roximately the time of its onset 
The hemoglobinuria varies in degree [rom traces o! hemoglobin in the 
. . o 
sediment discernible on] special tests to the intensity 0 ylackwater. 
[wo of t ‘ it patients mentioned vo ed typical ylackwater” urine; 
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Chart 1—Showing conditions in Case 1.—Pernicious malarial fever with hemo- 


elobinuria 
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testing the urine « ul eds of patients ! | 
: 
niections, and unllor! negative results were obtained | = 
nt, there é saying that a positive the the 
ic and turpentine test means the presence o en obin .) , 
: : 
de nite Dlue color Was considered as indicating a positive reactiol 
It is my belief at present that luture examinations wl demonstrate 
hemoglobinuria at some time during the course of every pernicious 
malarial iniecti Ins me ¢ the cases an examina n ot ¢ specimen 
voided must be made, the urine must be sedimented, prefera in a 


wlief proves to be well founded, the morta of this tvpe will be th 
mortality of pernicious malarial fever. Of my eight patients, one died 
from nalarial infection, the capillaries « rain being stuffed wit 
irasites ; another died, after his malarial infection was controlled, from 
a subsequent infection with an organism (isolated at autopsy from thx 
spleen) apparently belonging to the typhoid-colon group, but possessing 


atypical fermenting properties (no malarial parasites were found in 


smears from the spleen, bone-marrow and brain); the other six mad 


rapid recoveries. I have been able to recall four other cases and to find 
records of two more. One of the four was a fatal case seen in Baltimore 


in Osler’s wards in the Johns Hopkins Hospital and mentioned by me in 


a former report.? Five of these six patients died. This mortality is very 


high, because the diagnosis was made from the gross appearance of the 


] 


urine, and hemoglobinous urine of | 


blackwater intensity occurs only in the 


most severe infections. Among twenty deaths that I have seen associated 


with blackwater, five of them, or 25 per cent., were due to pernicious 
malarial infections. It wou!d seem, therefore, that a considerable per- 
centage of deaths, heretofore reported as due to blackwater fever, weré 


really due to pernicious malarial fever with hemoglobinuria, which fact 


, 


nportant bearing on comparative mortality statistics under differ- 


lL. The following modification of the gual ic-turpentine test has been developed 


in the clinical laboratory of Colon Hospital for t examination of urine Place 
3 to 5 e.c. of urine containing sediment in a test-tul add a few drops of glacial 
acetic acid; after a moment add 1 to 2 ec.c. of ether and agitate gently, then a 
pinch of powdered guaiac resin, and lastly 10 to 20 drops of old turpentir 4 
pale blue to a blue-black color indicates a positive reaction, wh may take a 
few moments to develop If the ether does not separate well. a few drops of 
aleohol will facilitate the separation The blue color may be brought out and 
the test rendered more delicate in doubtful cases by the following procedure 
fo the ether-turpentine mixt lh tela: dee, toe Nl of ¢ 
T tant T ivf ré eYN + } + , ] 7 »a } S + + } I< t n 
laver remaining at t + ; carefuliv tv { ne af al l then a 
few rops more of Id turpent If i 1 ] t etl turpenting 
I ! 3 he SulT i t< Yr)? + } . 
may be a 1 as before a , the s sy , 
with a small pipe e and add t t ) 

>. Brem, W.: Malarial Hemoglobinuria, Jour. Am. Med. Assn., 1906, xlvii 


1896, 1992. 








156 THE ARCHIVES OF INTERNAL MEDICINE 


ent systems of treatment. Among twelve cases of blackwater fever in 
Panama, reported by Whipple,® in a pathologie study, three appear to 
have been of this type, and Whipple separates them from the ordinary 
type by designating them as “pernicious malaria and blackwater fever.” 
Whipple made the important observation that the pathology of these 
cases, and, also, of pernicious malaria without apparent hemoglobimuria 











does not differ esssentially from that of “blackwater fever.” Whipple 
did not observe evidence of hemoglobinuria in five other cases of per- 
nicious malaria reported in the same study. But the detection of a mild 
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Chart 2.—No. 23.831. Patient, Frenchman, who had been on Isthmus six 
years, was admitted to Ancon hospital, Feb. 14, 1907. The patient had had 
several previous attacks of fever, “blackwater” being precipitated by quinin. The 
spleen was about 6 em. below costal margin The patient consented to take 1 grain 
of quinin as an experiment; blackwater followed in two hours Case from the 
clinic of Dr. A. B. Herrick, who kindly permits me to use it 
orTact ria cros examination ¢ s would 
or 1 =s Mi is s \\ ri€ nts o Le ad el 


3. Whipple. G. H.: Blackwater Fever and Pernicious Malaria in Panama, 
Malaria, Leipsic, 1909, i, 4, 215 
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ence in the pathology is one of degree and not of kind. Moreover, th 
hemoglobinuria of pernicious malarial fever seems to be in proportion to 
the absolute number of parasites, and in treated cases these are always 
decimated by quinin in the general circulation, while death is usually 
produced by those blocking the capillaries of the brain. This is well 
illustrated by one of Whipple’s cases (No. 1431). As a rule, then, when 


treated patients come to autopsy, the hemoglobinuria has almost or 
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Chart 3.—No. 10,077. Patient, colored man from Antigua, W. I., who had 
been on the Isthmus five months, was admitted to Colon hospital, March 5, 
1908. The patient passed “bloody urine” after taking quinin three weeks before 
admission. On the day before admission he felt sick and took 15 or 20 grains 
of quinin, after which he passed “bloody urine” again. After admission the 
urine was negative for albumin and hemoglobin. Quinin was withheld until the 
third day at 8:30 a. m., when 20 grains was given “Blackwater” appeared at 
the third urination, two hours after quinin, and hemoglobinuria persisted until 
the next morning. 


The differentiation of pernicious malarial fever with hem« rlobi 


om erythrolytic hemoglobinuria rests chiefly on blood examinations 


But occasionally parasites may not be numerous in the periphera Te 
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cerebral symptoms (delirium, stupé ror coma), which are rare 1n erythro- 


lytic hemoglobinuria, may lead one to a correct diagnosis. The import- 
ince of the differentiation from the standpoint of treatment is obvious, 
fi itever may be one’s belief regarding the treatment of erythro- 


tic hemoglobinuria, there can be no question but that in the pernicious 


malarial tvpe the infection overshadows the hemoglobinuric condition, 
and that quinin in large doses must be introduced promptly into the 
( If the patient is not vomiting and the attack seems on 
Dec__8 7? /O sf /2 13 J+ 15 tb /7 18 J9 20 21 2% 23 2% 25 26 27 28 
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Chart 4 No. 8,711 Patient, colored man from Jamaica, who had been in 
Panama two and a half years, was admitted to Colon hospital, Dee. 8, 1907. 
The patient had chill with blackwater Nov. 19, 1907, about nineteen days before 
admission Hemoglobinuria did not follow one dose of quinin given on admis- 
sion After ten days quinin grs. x, t. i. d. was ordered, and hemoglobinuria 
developed the next day; it subsided when quinin was discontinued. The patient’s 
brother was in the hospital at the same time with hemoglobinuria (Chart 15). 


moderately severe, 10 grains of quinin in solution by n outh every thre 
or four hours may be sufficient. the absorption being determined by 


tests for the drug in the urine. If vomiting supervenes, quinin must be 
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iven by intramuscular injection or intravenously In the severer 


infections an intravenous injection of 15 or 20 grains should be given at 





























































once and repeated every eight hours, for four doses. Between these doses 
15 or 20 grains should be given by mouth or, if necessary, by intra- 
I si ilar injections, It should be one *s object to destroy the parasites 
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Chart 5.—No. 16,520. Patient, white, American, aged 21, from Fort Dodge, 
lowa, who had been on the Isthmus four months, was admitted to Colon hospital, 
Dec. 4, 1908. The patient had had no previous malaria, had been sick three days 
and had taken quinin before admission. Quinin was ordered and 20 grains given 
on admission, but omitted by mistake afterward. The temperature dropped to 
normal and patient improved rapidly. On the third day of normal temperature 
the omission of quinin was discovered and it was re-ordered. On the following 
day a violent chill occurred, the temperature rose to 105, and hemoglobinuria 
followed. Quinin was discontinued, but the course was rapidly downward, urina 
tion was free, but blood destruction was extreme, and death took place forty- 
eight hours after the temperature began to rise. 
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in the intracorpuscular stage of the cycle, and thus to prevent them from i 
reaching maturity. It seems certain that a large proportion of them can | 
be killed in this stage, and the evidence is good that many infected cor- 
puscles can be saved. (Case 1, hemoglobin and r. b. ec. records). 
IRYTHROLYTIC HEMOGLOBINURIA 
This type of hemoglobinuria is of course the common one and the 
one under special discussion in this paper. The material for my study 
has been collected from the records of Ancon Hospital from 1904 to 
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Chart 6.—No. 16,605. Patient, white, Austrian, who had been on the Isthmus 
one year, was admitted to Colon hospital, Dec. 11, 1908. The patient had had 
three previous attacks of “blackwater,” had been sick two days, and had taken a 
quinin tablet every day for past ten days. On the morning of Dec. 11 the patient 
took 15 grains of quinin and at 4 p. m. noticed “blackwater.” There was hemo 
globinuria on admission. Estivo-autumnal (E. A.) parasites were found on 
second day. Quinin, grains x, were given on December 21 and grains xx on 
December 22. A transient hemoglobinuria followed. 
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April, 1910, 162 cases, and Colon Hospital from November, 1907 
to May, 1910, fifty-nine cases—a total of 221 cases. For certain reasons 
all of the records of Colon Hospital prior to November, 1907, and many 
of the records of Ancon Hospital were not accepted and the cases 
excluded. There were eighteen recurrences in the hospitals among the 
221 cases, and these have been considered separate attacks, since it some- 
times happened that an initial attack was treated by one method while 
the recurrence was treated by another. The recurrences were considered 
separate attacks only when a period of not less than two days of hemo- 
globin-free urine intervened between attacks. There were, then, 239 
attacks of blackwater represented by the 221 cases. These 221 cases 
include twenty cases previously reported by Gorgas,‘ which in turn 
int luded fourteen cases reported by me.” They include, also, Herri k’s 
nine cases referred to in my report.® 

The 221 cases have been divided into two series, the first of which 
includes cases directly or indirectly under my care, the second all other 
cases. 

Series 1—My cases, seventy-three patients, eighty-four attacks. (Hemoglo 
binuria verified in almost every attack by the demonstration of hemin crystals 
or by the guaiac and turpentine test.) 

Series 2.—Other cases, 148 patients, 155 attacks. (Hemoglobinuria often 
verified by above tests and diagnosis often made from appearance of urine with 
a heavy transient albuminuria. ) 


GENERAL TREATMENT 


The most important general measure is the introduction of fluids by 
mouth, by rectum, subcutaneously or intravenously. The passage of a 
large quantity of urine is of the utmost importance, for the gravity of 
the prognosis increases with a decreased urinary output, and the majority 
of patients who die have suppression of urine. Sweat baths and the 
various diuretics may be tried, but I think that little is to be expected 
from them, and there is always a possibility of drug irritation of th 
affected kidneys. In a large number of the cases of Series 2, however, 


Basham’s mixture was used as a routine procedure, and there appears to 


1 1 
le DOWEIS 


have been no injury done by it, although no good either. T 


17 1 
lowed D\ 


should be opened with calomel (3 to 5 grains is sufficient) fo 
a saline cathartic; or, if yomiting prevents, enemas may be used. 

The diet should consist of nourishing liquids, and during convales 
cence the patient’s appetite may be the guide. 

4. Gorgas, W. C.: Malaria in the Tropics, Jour. Am. Med. Assn., 1906, 
xlvi, 1417 ; 

5. In order that no confusion may arise in future leading to repeated reports 
for mortality statistics of the same cases, a list of the hospital numbers of the 


cases included in this report is appended. 
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hart 7.—No. 16,141. Patient, white, Spaniard, who had been in Panama 


nineteen months, was admitted to Colon Hospital July 25, 1909. The patient had 


had six previous attacks of malaria, and had been sick one day with present 
illness. Both attacks of hemoglobinuria in the hospital were apparently pre- 
cipitated by quinin Estivo-autumnal parasites were found on six separate 
examinations Quinin was discontinued when hemoglobinuria developed, but 
when death approached quinin was ordered to be given by intramuscular 
injection Autopsy was made fifteen hours after death. No parasites were 
found in smears from the brain, spleen, bone-marrow and liver. 


For vomiting and restlessness morphin in repeated small doses given 
hypodermically is harmless and by far the most useful and satisfactory 
remedy. Crushed ice, also, may be useful. 


Strychnin is the most satisfactory stimulant in cardiac or respiratory 
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Cuart 7—Continued 
These general measures need little discussion, as they are ones on 
which all are practically agreed. I take it that the great question is still 
the one to be considered next. 


Be 


fore one discusses whether or not it is wise t 


QUININ TREATMENT 


Relation of Quinin to Etiology. 


) use quinin in the 


treatment of erythrolytic hemoglobinuria, it is meet that one’s confession 


th 


ciu 
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aith be made ri 
disease. In Chi 


ive is present 


} » 
f 


garding the relation that quinin bears to the onset of 
irts 2 to 11 inclusive. evidence that seems to be con- 


d in favor of the view that in certain cases, what- 
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ever may be the predisposing condition, quinin is the exciting cause. 
On the other hand, the recurrences in Charts 11, 12 and 13 furnish evi- 
dence that in other cases the onset may be in no wav connected with 


the drug. The negative quinin history in the case represented by Chart 


—_ 


14 seems to be reliable. I have previously reported another attack occur- 











































































































ring in an intelligent American who denied having taken quinin before ; 
the passage of blackwater.? The onset of many other attacks in this series . 
was apparently associated with quinin (Chart 16), and in many the his- 
Veu._30 Deeg 2 3  —_ = Sw eT LS _ 19 
temp. | E3=aeaqeaedes | fededed= Ss ES US ES 
19 |/SUINONsNshsH | |) issodigalg | in | i= _ IS | ie 
| tm RSs Ftn NR Se iw FOHe vy 
108 =e EEE CEP: O84 SERGE EEBEGE Eee 
~ ve + + ———E aes ae Se YS SS aa aa — eS 
) = 
107 S ter -- ——- by - Sane Ee 
4 + | ra 4 —_ Yaoos: . oa ae aaa 
106 Las 2 3 x Mo 
> - .s T H oa “is 1 gv 
| : ns a | z 2 St Sees 
105 Lh 4 Ne > a oF. ios . = 
- : “ E- — 
Lg oe oo Sees eee 5) se oe 
104 | eee | =e. OB 
Lb 
if ouman amr 
4 = ° > 2 
103 +--+ + + = me 
1G {iy wa In | 9 
| = 
102 } + + + + + oo a ~ 
x 
101 = ; , see Ss a 
100 || SSS SESSRE Ce ee 
=e Be Sees Sees 
99 & days af \ 
J s Yerm Temi A I 
98 Not =o te Ny 
97 aoe eae sae as aes 
96 ; Vee AE 
Temp. ‘Sac SS See = Se 
Pulse Xe eS) a 
| Bee x RRB é drebababetelw 
Resp. . sivas a] | | | | i ! r 2 Eee ee etc.) 
, 


Chart 8.—No. 50,017. Patient, white, Spaniard, who had been on the Isthmus 
four and one-half months, was admitted to Ancon Hospital Nov. 30, 1908. The 
patient had been sick and passing “blackwater” five days before admission; had 
been jaundiced four days. “Blackwater” was present on admission. Recurrence 


followed iron and quinin tonic, which contained 15 grains of quinin in one ounce. 


tory was indefinite or not solicited. The charts referred to represent the 
attacks most strikingly illustrating the truth in the views that quinin 
is and is not the exciting cause. That the number of striking instances of 
attacks precipitated by quinin is greater than the number arising without 
it is due, partly at least, to the fact that evidence in favor of the latter 
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view is more difficult to obtain. More or less fever usually precedes tl 
onset of blackwater, and residents practically always take quinin on the 
slightest suggestion of fever. It follows, then, that nearly all patients 
who have hemoglobinuria in Panama have taken quinin before the onset, 
but it would be absurd to conclude that quinin precipitated the condi 
ion in every case or even in the majority of cases. 

To sum up, I am sure that a few attacks of erythrolytic hemoglo- 


binuria are precipitated by quinin, and also that a few develop without 



















































































Chart 9.—No. 52,291. Patient, white, Jamaican, who had been on the 
Isthmus two years, was admitted to Ancon Hospital, Jan. 9, 1909 The patient 
had had “blackwater” on one previous admission to hospital. He had been sick 


three days and passed “blackwater” on day before second admission. Presence 

or absence of “blackwater” on admission was not stated in record Iron ar 

quinin tonic, 15 grains quinin to one ounce was given, and “blackwater” follows 
_~- } Pandod that ancl +] 

quinin, and good evidence is afforded that such is the case. I believ 

a considerable number of the attacks that remain are precipitat 
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quinin and that a larger number are not connected with the drug, but 


annot present evidence in proof. 

Our knowledge, so far, of the part that quinin plays in the etiology 
of ervthrolytic hemoglobinuria does not aid us greatly, therefore, in set- 
tling the question of its use in the treatment. Attacks that are precip- 
itated by quinin (such as those represented by Charts 2 to 11) of course 


should not be treated with quinin. But these attacks cannot be definitely 


separat 


| from others except in occasional recurrences that take place 
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Chart 10.—No. 53,409 (Ancon). Patient, white, Italian, who had been on 
the Isthmus twenty-four months, was admitted to Ancon Hospital, Jan. 26, ‘ 
1909 The patient had been previously admitted to hospital because of “black- 
water”; had left hospital only nine days before second admission. He had been 
sick five days. The night before admission he passed “blackwater.” Character 
of urine February 5 and 6 was not recorded, and the dose of iron and quinin tonic 
was not stated in record, probably half an ounce three times a day or quinin 
7% grains t. i. d 
e the patient is under observation and which follow promptly the 
administration of quinin after a period of apyrexia and hemoglobin-fre 
urin¢ 
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One must turn to statistical studies and his own personal observations 
for guidance in a matter about which there is so much genuine difference 


ot opinion. 


i yi 
Deaderick’s compilation of statistics in s recent bor practica 
I 
settles the matter in favor of treatment without quinin. The summary 
i ; 
is as follows: 
Cases Tk s Mortality 
Treated with quinin 1821 172 25.9 
Treated without quinin 1006 112 11.1% 
Treatment mixed or not recorded 3210 684 21.3 < 
Deaderick thinks that “this number of cases probably eliminates all] 


errors and should be convincing,” in which opinion he is probably cor- 
rect. My own statistics tend to confirm the above compilation, but the 
result is not nearly so striking. The difference may be partly a matter 
of interpretation, for I have found it not always an easy matter to classify 
a given case, and I have separated no class as having received mixed treat 
ment, for the following reason. During the latter part of 1907 and the 
first eight months of 1908 we were treating all cases of blackwater fever 


with quinin in large quantities, usually by intramuscular injections. The 


treatment was never curtailed in severe cases, and all of the attacks could 


’ > 
laced f 


1 


be } rankly among those treated with quinin. In September, 1908, 
we began to treat a series of cases without quinin, and a certain number 
of them were of course severe and proceeded towards a fatal termination. 
It sometimes happened that the ward physician in immediate charge of 
such a case felt that nothing was being done for the patient, and th 
natural desire was that an attempt be made to do something. the courage 
required to watch the battle without interference failed, and the patient 


received quinin (Chart 7). It would certainly be misleading to take 


these fatal cases out of the class treated without quinin, for the mortalit 
of this class would thereby be artificially lowered. I cannot but believe 


that this has happened to some extent in the statistics that Deaderick has 


done such a I work in collect ng. As for the mortalit ol the Ciadss reat | 


with quinin, it is certain that in it have been placed all those cases « 


} . 1 , 1.1 


pernicious malaria in which hemoglobinuria was recognizable as 
water,” and that these cases, belonging to the severest tvpe of the dis- 
ease, have very much increased the mortality of the class. After 
said, however, the difference is so great that one wou!d be, perhaps, ultr 
critical not to accept the generai indication of 1 tics il 
withholding quinin in erythrolytic hemog 

An attempt has been made in analyzing the cases of this 1 rt t 
avoid errors like those indicated above, and the t 

6. Deaderick: Practical Study of Malaria, W. B. Saunders Co., Philad Iphia, 


1909, p. 299. 
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in the class to which they belonged when the course was downward and 
the prognosis became grave. This was sometimes a difficult question to 
decide, but in the main I think that the result is trustworthy. 


Taste 1.—RESULT OF TREATMENT WITH AND WITHOUT QUININ 


SERIES I: WRITER’S CASES, SEVENTY-THREE PATIENTS, EIGHTY-FOUR ATTACKS 


Treated with quinin— Attacks. Deaths. Mortality. 
Whites ‘ 31 4 12.9 % 
Blacks. . 10 4 40. &% 
Total 41 8 19.5 % 

Treated without quinin— 

Whites 28 5 17.8 % 
Blacks 15 2 13.3 % 
Total 43 7 16.3 % 


SERIES II: OTHER CASES, ONE HUNDRED FORTY-EIGHT PATIENTS, ONE HUNDRED FIFTY- 
FIVE ATTACKS 


Treated with quinin— Attacks. Deaths. Mortality. 
Whites 36 5 13.9 % 
Blacks 18 5 27.8 % 
Total 54 10 18.5 % 

Treated without quinin 
Whites 83 12 14.5 % 
Blacks 18 3 16.6 % 
Total 101 15 14.8 % 


SERIES I AND II: TWO HUNDRED TWENTY-ONE PATIENTS, TWO HUNDRED THIRTY-NINE 
ATTACKS 


Treated with quinin Attacks. Deaths. Mortality. 
Whites 67 9 13.4 % 
Blacks 28 9 32.1 % 
Total 95 18 18.9 % 

Treated without quinin 
Whites 111 17 15.3 % 
Blacks 33 5 15.2 % 
Total 144 22 15.3 % 


The mortality of the white patients of each series and of the com- 
bined series shows a difference, under the two methods of treatment, so 
small that one death credited to the group of quinin-treated cases would 
even up the percentages. This difference is within the limits of error in 
classification. The mortality of colored patients treated without quinin 
is almost exactly equal to that of white’ patients, while of those treated 
with quinin more than double the percentage died. As far as the statis- 
tics go, therefore, they appear to indicate that in regard to life it makes 
little difference whether or not white patients receive quinin, while from 
colored patients it should be withheld. 


Personal Observations 
r communication* I concluded that quinin was strongly 
ndicate n “malarial hemoglobinuria,” that it should be given in large 
at properly given it appeared to be almost a specific. I beg 


Ineys of blacks appear to be much more susceptible to injurious 
influences than the kidneys of whites. 
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leave here to abandon that view, which I consider now to be erroneous 
In spite of the fact that my mortality statistics present only qualified 
support of the antiquinin view, observation of a fair number of cases 
treated by both methods has convinced me that quinin does no good in 
any case of erythrolytic hemoglobinuria, and that in many it is emphatic- 
aliy injurious. With it the patients usually suffer more, the disease is 
more frequently severe, and in many instances the fever and the passage 
of blackwater are prolonged in a manner that one rarely sees when quinin 
is withheld (Chart 16). Weight is added to this view by the cases cited 
in which quinin certainly precipitated the attack, and by the less striking 
evidence that there are numbers of other instances in which the drug 
was probably responsible for the onset. In a number of cases, also, hemo- 
globinuria persisted while quinin was being given, but promptly ceased 
when it was withheld (Chart 15). 


raBLE 2.—RESULT OF TREATMENT WITH AND WITHOUT QUININ IN BOTH TH 
PRESENCE AND ABSENCE OF MALARIAL PARASITES 





PARASITES PRESENT PARASITES ABSEN' 
Quinin + Quint Quinin- Quint 
= 7. : Z 7 
x 2 ag, :44%9h24 3s 
A % Zz F a a A 
Whites (Series 1) 7 1 15 3 20 »4 3 125 13 2 
Whites (Series 2) 18 4 31 s 12.9 18 l .6 52? be 
Total (Series 1 and 2) 25 5 46 7 15.2 42 4 95 65 10 
Blacks (Series 1) 3’ 1 33.3 7 1 143 7 $ 42.9 8 lL 12.5 
Blacks (Series 2) ® 1 11.1 3 1 33.3 if) 4 444 #15 2 13.3 
Total (Series 1 and 2) 12 2 167 10 2 20.0 16 7 43.7 23 13.0 
Whites and blacks 
(Series 1) 10 2 20.0 22 4 18.2 31 6 19.4 2) 3 14.3 
Whites and blacks 
(Series 2) 97 5 18.5 34 6 14.7 27 5 18.5 67 10 14.9 
rotal (Series 1 and 2) 37 7 19.0 56 9 16.1 58 11 19.0 88 13 14.8 


Relation of Malarial Parasites to Quinin The rapy 


Writers on blackwater fever have usually divided the cases into two 
groups according to the presence or absence of malaria! parasites in th 
peripheral blood, and have recommended that quinin be employed in treat 
ing the first group and withheld from the second. Deaderick* and St 
phens® are exceptions to this rule. It is Deaderick’s opinion that “the 
only conditions in which quinin is indicated are, first, where the parasites 
show no tendency to disappear afte forty-eight hours from onset ; second, 
in the infrequent cases of intermittent hemoglobinuria where the out 
break corresponds with parasitic sporulation.” Stephens goes a littl 
8. Deaderick: Practical Study of Malaria, p. 383 
9. Stephens: Osler’s Modern Medicine, i, 458 
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Chart 11 No. 19,162. Patient, white, Spaniard, who had been on the Isthmus 
teen months, was admitted to Colon Hospital July 25, 1909. The patient had 


1d malaria eight times previously, and before admission had been sick three 


lays ud taken quinin and on the second day had passed “blackwater.” He 
ad been taking 9 grains of quinin daily before onset of the present illness 
There were two recurrences; one arose spontaneously and one after taking quinin 
| whites of the arasites presel croup show a consid 
oh orta with quinin treatment than without it; the whites o 
“ 
the es absent” group show a | er mortality without quini! 
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ervthrolytic tvpe of hemoglobinuria. If parasites persist in or return to 
the peripheral blood during convalescence, as frequently happens, or if 
a malarial type of fever recurs, quinin may be given with caution, begin- 
ning with smal] doses and gradually increasing. It may be fatal to begin 


at once with large doses of quinin (See Chart 7). 
Tul} 


Temp. | FHBSBSE 
109 








108 
107 


106 


101 


100 


] 


Chart 12.—No. 12,145 Patient, white, Spaniard, who had been on the 
Isthmus six months, was admitted to Colon Hospital July 2, 1908. The patient 
had had no previous malaria (%)—the present being the first time in hospital 
and had never passed black urine. The patient had been sick four days and had 
taken quinin in solution twice daily since onset. The urine was “highly colored,” 
but not black. It is not certain from the record whether or not the patient had 
“blackwater” on admission. It apparently developed on the third day in the 
hospital. There was a recurrence three or four days after hemoglobinuria had 
ceased and two days after quinin had been discontinued. The double tertian 
infection possibly occurred in the ward. Quinin was given, 10 grains, t. i. d., 
and “blackwater” did not develop 
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Serum Therapy 
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(new series), 


1908, No. 35. pp. 


154-179. 


It would scarcely be prope r to close without relerring t tne vor} ol 
Christophers and Bentley’? and their suggestion that a serum therapy, 
such as that used in paroxysmal hemoglobinuria, is possibly in sight 
Their work on iso-agglutinins and isohemolysins and their conclusions” 
New. __At SN ee ae ee ee ee ee ¥ 
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* 
Chart 13 No. 49.539 Patient, white, Portuguese, who had beer the 
Isthmus fifteen months and in hospital four times, was admitted to Ancon 
Hospital Nov. 21, 1908. The patient had been sick three days, passing “black 
water” two days. There was spontaneous recurrence of hemoglobinuria Fever 
recurred on Dec. 12 and estivo-autumnal organisms were found rhe patient 
was given 30 grains of quinin daily without recurrence of “blackwater.” 
10. Christophers and Bentley: Blackwater Fever, Scient. Mem. Gov. India 
(new series), 1908, No. 35, pp. 181, 182. 
1]. Christophers and Bentley: Blackwater Fever, Scient. Mem. Gov. India 
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are interesting, but in the light of Moss’!* recent extensive and excellent 


studies of normal! and patholog bloods, it seems probable that they 





misinterpreted their results, attributing to the influence of malaria 



































merely normal variations of serums and corpuscles. When their mono- at 
graph came into my hands, I attempted te repeat some of their work, 
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Chart 14 No. 23,174 Patient, colored womar Jamaican, who had been 
on the Isthmus two years, was admitted to Colon Hospital, April 11, 1910 
rhe patient had had several light attacks of fever in Jamaica, but no “ague.” and 
r no quinin, and one prolonged attack of fever three months after coming to ; 
Isthmus. She then took medicine, but did not think it was quinin. She has had a _ 
ttle fever now and then during past eight months, but took no quinin. The 
itier was eight months pregnant; first baby In the present illness of tw 
: Lvs nvulsions occurred before admission and a severe one shortly afterward 
The patient was semicomatose, passed very little urine. She had taken no quinin. 
| Lhere s no uterine hemorrhage Urine per catheter showed hem globinuria, 
ulbur 0.8 per cent Esbach). Recovery was good Patient did not abort. 
On M * patient developed toxemia and labor was induced under stovaine 
anesthe Good recovery and child lived. Urine on May 14 showed albumin 
} .1 per cent valine and hyalogranular casts 


12. M M. L.: Isoagglutinins and Isohemolysins, Bull. Johns Hopkins Hosp., 
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t in the beginning I met results which were incapable of explanation 

their hypotheses, and which were explained only when Moss’ paper 

ppeared. Moss was able to classify all human bloods into four groups 

. cording to the agglutinating reactions of serums and corpsucles. With 
ra 





ification as a working basis, we shall be able now to approac 




























































é the study of the blood in erythrolvtic hemoglobinuria with a degree of 
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Chart 15.—No. 8,877. Patient, colored man, Jamaican, who had been on the 
» Isthmus three years, was admitted to Colon Hospital Dec. 14, 1907. The patient 
3 had “blackwater” fever in Jamaica, 1903; no quinin had been given previous t 
3 onset; patient treated with quinin and “blackwater” lasted six day “Blac 
water” fever again occurred on the Isthmus, March, 1907, but the patient did not 
remember whether or not he took quinin before onset; he was then treated with 
quinin by intramuscular injection, and “blackwater” continued five days On 


nt admission no “blackwater,” which was apparently precipitated by quini: 


Y 
> 





pres 
and continued until quinin was discontinued. Patient’s brother was in hospital 
it same time with “blackwater,” apparently precipitated by quinin (Chart 4 


SUMMARY 


1. Blackwater fever is a term that ides two types of hemoglobin- 
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that the two types be separated for study and treatment. The indications 
for treatment are diametrically opposed. The two types probably differ 


in the mechanism of their production and their clinical phenomena are 
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Chart 16.—No. 9,322. Patient, white, Australian, who had been on the 7 
Isthmus over three years, was admitted to Colon Hospital, Jan. 9, 1908 rhe a 
patient had had fever three times previously. “Blackwater” fever occurred 
three years ago on the Isthmus. Onset occurred Jan. 7, 1908, with chill and ; 
fever; January 8, chill fever and “blackwater.” Quinin history was not recorded. ’ 


There was no “blackwater” on admission, but continued fever, possibly “post- 
hemoglobinuric.” Quinin in solution was given on January 12 and hemoglo 
binuria developed that night. The patient was treated vigorously with quinin. 
Prolonged, severe course followed. The hemoglobin fell to 30 per cent. January 
18. Widal test was negative January 18 and 22. 
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2. Type 1- Hemoglobinuria associated with pernicious malarial 

infections. The hemoglobinuria 1s probably brought about by immediat 

i destruction of erythrocytes by enormous numbers of sporulating para 
sites. and the time of its appearance can zene rally be foretold with a 


1é 12 1s " ee — 
Eee Siisije se ie siete i ie) -f 
LIS ta seo ee ne | 


fe | ial f a S 
4> 





os ~ 
. +& Qh AHS BeMse eth 
. = 
\ 


tee Coie RSS SRT ES ) 28 eee cH 
| 





ae 








rt Baer a ee Bee SS ee 8 ee ar on | thenie = 
: rt . | i ! pa e Swe es ee oe ae 
mil [ RRB eS. SHEERS a 
k bn — i eee es 
er si it i ToRaae cae F 
: —~ § ¢ i de = ” esas = De 
"ES & 5. J eee 5 
| a3 _Acnn DSO 2-2 
; Fr. ae oo! 1 % (eee | 
: Leg —— 4 4. { tos 
| $4 ig ft 
+ + > = s 
to c. vs 














adic 


| 
| 























Ft i | 








j ' 
IBESSS SRSS Se | hed 
r 
| | /e ” 12 13 iv 3 . 
P| = ———————— -— - —_ 
4 
= , ‘ 
fair degree of accuracy. The treatment is that of pernicious malaria 
fever. Type 2.—Hemoglobinuria indefinit ly associated with malaria 
; and probably brought about by the solution oi ervthrocvtes DV an 
‘ . . 
\3 unknown hemolysin. 
1a } } sh] | at | ” “malarial hemo 
3. It is proposed that the terms “blackwater fever, malarial hen 
J I 


clobinuria,” “hemoglobinuric fever,” etc., he abandoned and that the two 


types of hemoglobinuria hitherto « mbraced by them be known as follows: 
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malarial fever with hemoglobinuria 


Erythrolytic hemoglobinuria. 


n 


lerati 











er of attacks of erythrolytic hemoglobinuria in this series 


re precipitated by quinin, a large number of attacks were 


ecipitated by quinin, and a few recurrent attacks develope 


when no quinin had been given. 








ria. When parasites persist or reappear during convales- 
vhen fever persists or recurs after the cessation of hemoglo- 
inin should be given guarded The dose should be small at 
idually increased, if hemoglobinuria is not precipitated. 
REPORT OF CASES 
Chart 1).—Pernicious malarial fever with hemoglobinuria No 
i , \ »N 
R. B. ¢ 
I a) : 
YY Siw) 
500 
500 27 5.4 
n 00 3 1.6 
I S5 1.760.000 go 
500 18 36 
n 500 9 18 
! 3,500 (approx.) 20 fields* 16 46 
n $500 (approx 25 fields 6 13 
r 95 5.192.000 9 
5,000 (approx.) 25 fields 5 mn 
I { 1.872.000 95 50 fields 0 0 
0 fields 0 0 
n 0 lds 0 0 
y i 
n R4 5.008 0007 R4 
n 8] 
Case 1 is discussed in detail Synopses of the other cases (2-16) 


s under the respective charts 
objective 1/12 and ocular 1. Actual counts of the corpuscles in a 
s in which the corpuscles were more and less thickly spread varied 


250 per field. The estimates were made from these standards, taking 


n the thickness of the smear 
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Patient.—Colored man, Martiniquan, aged 30 laborer, admitted May 15, 
1910, 4 p. m 





History The patient had been on the Isthmus thirty-one months, had had 
seven previous attacks of fever in Panama, and many in Martinique. During 
fever attacks he had never noticed that urine was black or red. He said that he 
had been sick three days with fever, vomiting and headache, and had not taken 
quinin before admission. 

Examination.—The patient was very restless on admission, tossing from side 
to side in bed and complaining of great pain in his head. His mind seemed 
fairly clear. Examination of heart, lungs ind abdomen was negative; the spleen 


was not palpable The blood was found to contain enormous numbers of smal! 
ring forms of estivo-autumnal malarial parasites. The imminence of heme 
globinuria was suspected and every specimen of urine was ordered to be sent 
when voided to the laboratory 

Course of Iliness On the following day, May 16, the patient was quiet, but 
seemed very ill and extremely prostrated. Leukocytes numbered 7,100 \t 





8 p. m. his temperature rose abruptly from normal to 102 F. There was no chill, 
but vomiting occurred The next urine voided, at 5:30 a. m. May 17, had the 
characteristic appearance of “blackwater.” The patient did not pass into coma, 
or even lose consciousness, but he appeared to be extremely ill and profoundly 
depressed. The sclerotics became slightly jaundiced, but the spleen never became 
palpable or enlarged to percussion. Hemoglobin could be detected in the urine in 
traces until 3:10 a. m., May 19. Improvement was rapid from May 18 onward 





‘ 
DISCUSSION OF THE CASI ! 
Blackwater was prognosticated from an examination of the ood 
More than 15 per cent. of the red corpuscles in the peripheral blood were 
infected. The number infected in the internal organs was probably 
much larger. In spite of the enormous infection, hemoglobin estimations 
and erythrocyte counts indicated but slight blood destruction, and the 1 
results were in striking contrast to the blood-picture in erythrolyti | 
hemoglobinuria, in which, even in mild cases, blood destruction, as indi- 
cated by the same methods, is terrific. (Other cases have confirmed 
the blood findings given above.) The increase of hemoglobin and eryth- ' 
rocytes on May 17 was probably due to concentration of blood from 
loss of fluid by vomiting and urination. It seems quite certain that 
quinin in this case not only killed parasites in the intracorpuscular stage, - 
but also prevented the destruction of many infected corpsucles. The 
" parasites themselves showed evidence of the influence of quinin bv their 
vacuolated and often bizarre appearance. The urine did not differ from 
the ordinary “blackwater” urine. : 
In conclusion, | wish to thank Colonel Gorgas for permitting me the 
use of the above material, and for consenting to the publication of the 


paper 
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MERALGIA PARESTHETICA DUE TO PRESSURE OF THE : 
CORSET 


JOSEPH L. MILLER, M.D 


CHICAGO 
Meralgia esthetica, described inde} el in 1895 by Bernhardt 
ind Roth, although an unusual, can scarcely be considered a rare condi- 
inasmuch as Musser and Sailer have reported ten cases personally 

served. The peculiar disturbance of the external cutaneous femora ! 


nerve characterized by paresthesia, or more or less severe pain when the 


individual is in the erect position, has been ascribed to various causes 





Bernhardt considered a toxic neuritis as the most important factor, as 


eens = 


nd othe lave reported cases wing the acute infections, espe- 
cla typ 1. Others have considered pure mechanicai factors as the 
e important; the peculiar curve of the nerve and its relation to the 
surrounding structure render it especially liable to compression when the 
thigh is extended. Roth has called attention to the following points along 
ourse of the nerve where trauma of this character may occur: first 
after the exit of the nerve where it passes beneath t psoas mus¢ le 
econd where it curves around below the anterior superior spine. and 


: 
: 

. P| f 7 lin } f, _" ] » +) } [72a , - 

nally the s canal in the fascia lata. Among the mechanical! factors : 
| 
: 


responsible there have been mentioned pregnant uterus, pelvic tumors, ij 
es, tight bands, direct trauma, flat-foot. Pressure on the nerve by 
e lower edge of Poupart’s ligament was found in one case and the symp- 


neces may play a role. 


, 
; 
, 

IQ 

, 


4 
lisappeared after partial section of the ligament. Hereditary influ- : 


M e paresthesia and t sensitiveness of the skit 
the ed area, so that the slightest pressure of the clothing is 
nnoyil Souques reports a case 1n which the pain was so intense that 
m it was necess to use morphin. 
1al features in ¢ an 4 ; ; s the af Q 
ntensity of the pain. 
/ é Miss K., aged 23, had good fan ily history she was employed at 
office work, requiring her to remain standing most of the day She had had n 
recent acute illnesses About two vears ago patient first noticed a peculiar sense 


of numbness, when standing or walking, extending over the upper and outer side 
f the right thigh \ few weeks later she suffered from occasional attacks of 
burning or stabbing pain in the same region rhe attacks of pain increased in 
frequency and severity until she was compelled to discontinue her work, as 


| + ; 


standing would excite such an attack, the pain promptly disappearing on sitting t 








JOSEPH L. MILLER 


or lying down l'wice the patient had sudden attacks of excruciating pain, falling 
to the floor, unable to move the limb; during this time the slightest irritation 
over the affected area would cause her to scream These attacks lasted 

half hour, and were always followed by a period of extreme hyperesthesia over 
the upper part of the thigh. One of these attacks came on while standing to have 


a dress fitted, the other while leaning over a wash-bow], cleaning her teeth 


Jzamination.—A circumscribed area of tenderness was located below 
slightly outward from the anterior superior spine of the ilium; surrounding this 


was an ill-defined area of hyperesthesia; no analgesia, anesthesia or thermalgesia 
During one of the attacks of acute pain the area of hyperalgesia could be very 
easily mapped out. It was triangular in outline, the upper border forming the 
base, about 5 cm. above the iliac bone and nding from the crest of the ilium 
to 5 em. medianward from the anterior superior it The apex » triangl 
was located at the junction of the lower and middle thiré f ti gl ce! 
eral examination of the patient did not reveal anything else al ni 

In examining to determine if pressure of the clothing could ble 
for the trouble, it was noted that the lower edge f the corset hool 
anterior superior spine, pressing into the thigh so that when standing 
was with difficulty that the finger could be introduced between the cor ind 
the thigh. Following instructions, the patient cut out a portion of the corset 


over this region. Within a few days the relief was marked, and after the lapse 


ly slight numbness remain 
, 


ing. She returned to her work and reported three months later that, except for 


slight numbness, she considered herself cured It was 


of ten days the attacks of pain entirely disappeared, on 


chase a new corset of the same style as thi 


a few days, the pain again recurred, and tl 


piece of the corset as before, the pain pr 
lapse of five months complains only of slight nur 
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THE ENERGY METABOLISM OF MOTHER AND CHILD 
JUST BEFORE AND JUST AFTER BIRTH * 


THORNE M. CARPENTER, B.S., anp JOHN R. MURLIN, Pus.D.+ 
BOSTON NEW YORK 


INTRODUCTION 

The first attempt to estimate the energy production of the mammalian 
fetus was that of Pfliiger? forty-two vears ago. Pfliiger expressed the 
opinion, largely on a priori grounds, that the gaseous exchange of the 
fetus as compared with that of the mother must be insignificant in 
amount. This idea was apparently supported by the work of Cohnstein 
and Zuntz*? on the embryo sheep, but was strongly contested by Wiener* 
and others, and within the past ten vears has been refuted definitely.‘ 

It is mainly to the physiological institutes of Copenhagen and Buda- 
pest headed by Bohr and Tangl, respectively, that we are indebted for the 
newer conception that the gaseous exchange, and therefore the energy 
production, of the animal embryo is greater per unit of weight than that 
of the adult organism. Rubner,® however, has drawn attention to the fact 
that the mammalian embryo has no appreciable weight as compared with 
the mother until near the middle of the gestation period, and several 
workers® using the Zuntz method have failed to find any increase in the 
oxygen consumption per unit of weight in pregnant as contrasted with 
non-pregnant women; or if such an increase appeared at all, it became 
evident only comparatively late in the gestation period. This has been 
confirmed with respect to the total energy production, as computed from 
the output of nitrogen and carbon, by one of us in a series of experiments 
on a pregnant dog.*. The only exception to the rule is a single case 





* From the Nutrition Laboratory of the Carnegie Institution of Washington, 
Boston 

* The hospital expenses for this research were partly covered by a grant from 
the Rockefeller Institute for Medical Research, New York City. 

+ Writer 


l. Pfliiger: Arch. f. d. ges. Physiol., 1868, i, 61 

2. Cohnstein and Zuntz: Arch. f. d. ges. Physiol., 1884, xxxiv, 173 

3. Wiener: Arch. f. Gyniik., 1884, xxiii, 183. 

+. For a complete review of the literature bearing on the metabolism of 
development see Grafe: Biochem. Centralbl., 1907, vi, 441; and Murlin: Am 
Jour. Physiol., 1910, xxvi, 134. 

5. Rubner: Arch. f. Hyg., 1908, Ixvi, 185. 


6. Magnus-Levy: Ztsehr. f. Geburtsh. u. Gyniik., 1904, lii, 116. L. Zuntz and 
Franz Miiller. See discussion to Magnus-Levy’s address above and articles by 
Zuntz in Ergebn. d. Physiol., 1908, vii, 430; and Arch f. Gyniik., 1910, xe, 452. 

7. Murlin Am. Jour. Physiol., 1910, xxvi, 134 














1 WV CARPENTER—/I R WVIERLIN [So 


reported by Magnus Levy,® in which he observed both an absolute and a 
relative increase in oxygen absorption as early as the third month of 
gestation. So tar as our information at present goes, if appears, then, 


that the energy production and consequently the energy requirement of 


the pregnant organism, while certainly increased in the absolute sense by 


{ 


irom the very eginning ot gestation, does not 


undergo any significant rise until near the middle of the gestation period 


a certain small amount 


From this time on the « xperiments cited above show that the total energy 
production increases steadily to the end of pregnancy. 

Thus far no experiments on human subjects have sought to determin 
what change, if any, in the energy metabolism of mother and child may 
take place at birth. Does the change from intra-uterine to extra-uterin 


life mark a turning-point in the metabolic processes of the child? And 
how do the demands on the mother’s metabolism of the late pregnancy 
compare with those of the early nursing period? In the paper cited 
above on the metabolism in the pregnant dog the energy production at the 
culmination of the pregnancy was compared in two different pregnancies 
with that of the same animal in sexual rest and the conclusions wer 
reached that the extra metabolism of the pregnant organism just before 
parturition Is proportional! to the weight of the new-born, and is just 
about equal to the theoretica requirement of the new-born a one, under 
the conditions of muscular rest and ordinary room temperature. The 
latter conclusion means t!] at. neglecting the muse ular activities of mother 
and offspring, the curve representing the energy production of both com 
bined would suffer no deflection at birth. The subject is of sufficient 
Iniportance from both the theoretical and the practical standpoints to 
make its application to the human mother and child a matter of consid 
erable interest. With this object in view the following observations on 


le during the summer of 1809 by means of 


parturient women were 


a respiration calorimeter. 


THE SUBJECTS AND GENERAL PLAN OF THE EXPERIMENTS 


Through the courtesy of Dr. Charles M. Green. chief of the obstetrica 
service of the McLean Lying-In Hospital, permission was granted us to 
make use of the application lists of that institution for the selection of 
suitable subjects and through his suggestion the task of their selection was 
entrusted to Dr. John T. Williams, of Boston. The suecess which has 
attended the laboratory observations has been due in no small degree to 


ich the selections were made While nothing 


the judicious care with w 
connected with the routine to which the patients were subjected entailed 
any particular hardship, their willingness to observe directions to the 
strictest letter was essential to a satisfactory outcome of the determina 
tions. Through the kindly interest of Dr. E. P. Joslin the patients were 


admitted to a small ward set apart for them in the New England Deacon 
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ness Hospital, situated only a short distance 


through the active cooperation ol 


they 


of Dr 


THE 


1RCOHIVE 


received most excellent attention and were 


Williams. 


SN Of INTERNAT VED 
from the 


Miss Zilla MacLauch 





ICINEI 


» laboratory, where, 
lin, the head nurse, 
constant 


r the care 


‘To all these persons, each of whom played an essential 


part in the success ol these eX]M riments, we wish to « xpress our earnest 


thanks 


The observations began from one to four weeks previous to parturi- 


} 


tion ana 


extended throughout 


the puerperium ur 


plan contemplated 


observations as close up to parturition and as soon thereafter as they 


could be 
Cases 


meter on 


first and second cases the mother and child were 
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the 


made without danger to the 
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immediately } 


With 


patient, 
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» laboratory 
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Further comments on the effect of the diet will be found in the section 
where the results for the respiratory exchange are discussed, ; 
\rriving at the laboratory, the subject, accompanied always by a 
nurse, was taken to a small room adjoining the calorimeter room where 
she was prepared for her sojourn in the calorimeter by emptying the 
bladder, so that the urine for the calorimeter period could be saved, and 
iv being weighed whenever this was possible without discomfort to the 
patient. She was then placed on a small portable bed covered by an air 
mattress, and the instruments for recording the pulse, respiration and 
temperature wer adjusted to her body. The patient was clothed for the 
calorimeter only in her undereclothing and a thin wrapper, and was cov 
ered on the bed by a doubly-folded blanket. Care was taken to have 


these conditions always the same for a given patient. When all was in 


readiness the patient, lving on the bed, was carried into the calorimeter 
room and the bed was pushed into the calorimeter. 

The calorimeter used was the one recently deseribed by Benedict and 
Carpenter® as the “bed calorimeter.” This calorimeter admits of the 
entrance of the subject only in the horizontal position, which made it 
especially suitable for the parturient patient. All the accessory apparatus, 
as well as the calorimeter itself, are described in the publication cited 
above, so that reference will be made here only to such features of thei 
construction as are necessary to make clear the principles involved. It 
should be stated, however, that after a preliminary trial made with each 
subject the day before she was used for the first observation recorded, and 
made for the express purpose of reassuring her as to the nature of the 


experience she was to undergo, there was no apparent apprehension o 


hesitation on the part of any one of them. As noted in the description 
referred to above, it is possible for the subject in this calorimeter to look 
out of the laboratory window and to read by the light of a small tungsten 
lamp. It was our custom to have the nurse who accompanied the subject 
sit immediately outside the window of the calorimeter in plain view of the 
subject, whence she could communicate to the latter the time of day or 
could observe whether she appeared to be in any distress. That none of 
the patients, while they were bed-ridden or before, found the calorimeter 
oppressive or uncomfortable in any sense, speaks well for its adaptability 
to subjects of this class, An examination of the pulse records for the 
calorimeter periods, given in the tables bevond, will show also that there 


Was at no time any undue psychical disturbance. 


8. Benedict and Carpenter Respiration Calorimeters for Studying the Respi 
ratorv Exehange and Energy Transformations of Man, Carnegie Institution of 
Washington, Publication No. 123, 1910 
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CONTROL OF THE PATIENT WHILE IN THE CALORIMETER 


Since the amount of energy produced in the body above the minimal 
maintenance requirement is, in general, determined by the three factors 
of food, muscular activity, and temperature, it is essential, in comparing 
the energy production for the different physiological conditions which we 
are here studying, that the condition of the patient with regard to the 
outside factors be as nearly constant as possible. We have already men- 
tioned the precautions taken to make the food factor as constant as 
possible. The factor of muscular activity is the one which most affects 
the metabolism and is at the same time the most difficult to control. 
While in general it was understood by the patient that she was to lie as 
still as possible, it was necessary for us to know with certainty to what 
extent this rule was complied with. With the exception of her face and 
head a patient in this calorimeter is practically invisible from the outside 
\ satisfactory control was obtained, however, by means of the pneumo 
graph. As noted by Benedict and Carpenter® the Ellis pneumograph if 
properly adjusted will record not only the movements of respiration |ut 
even slight extrinsic movements of the limbs, head, etc., and its record, 
obtained by air-tight transmission through the wall of the calorimeter, on 
a small kymograph placed on a table just outside, furnishes a very good 
index of the degree of general muscular rest. With our patients the 
pneumograph was placed about the lower thorax, and when fitted closely 
enough it always recorded such motions as turning from hack to side and 
side to back, movements of limbs, and even of the head. Part of the time 


before parturition two of these pneumographs were used, one just below 
the breasts and the other about the umbilicus, or the point of greatest dis- 


tention of the abdomen, and simultaneous records were kept on the same 
kvymograph. The writing-point of the lower pneumograph on one occa- 
sion showed variations which were unmistakably due to movements of the 
uterus. As may be seen from Figure 1, these movements, obtained the 
day preceding parturition, occurred regularly every five minutes for 
about half an hour and then were lost. On another occasion the thoracic 
pneumograph showed peculiar block-like variations which by careful 
observation through the window of the calorimeter proved to be due to 
the movements of turning the pages of a book which the patient was 
reading (Fig. 2). The tracings exhibiting these two peculiar movements 
as well as others are reproduced for the purpose of showing how complete 
was our knowledge of the condition of the patient with respect to mus- 
cular activity. In Tables 1, 2 and 3 the number of extrinsic movements, 
counted from these records, is given for each experiment together with 
such additional remarks on the composure of the mother alone or mother 
and child, as seemed necessary. The number of respirations per minute 


9. Benedict and Carpenter: Respiration Calorimeters, p. 95 
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were counted with a stop-watch from the movements of the writing-point 


on the kymograph. 

Since we hoped to Keep the « ld asleep throughout the experiments 
with both mother and child, provision was made for recording movements 
of the mother only. In the main the end justified this expectation. 


[he importance of the pulse as an index of the degree of internal 


muscular activity, espe ially in fasting, has also been emphasized by 


Benedict.*° It was deemed advisable to make use of such information as 
could be gained in this way with these patients. Accordingly a Bowles 
stethoscope was fitted to the naked chest wall of the patient before she 


entered the calorimeter and its tube was afterward attached to the ear- 


pieces outside by an air-tight connection passing through the wall. After 
several trials it was found that owing to the fulness of the breasts the 


best location for the stethoscope on the chest wall of the parturient 


patient was high up above the left breast near the clavicle. Here the 


t 


heart could be distinctly heard, unless, on turning, the patient caused tl 
stethoscope to slip from its position, in which case the f 


ailure to hear the 
beat was communicated by the nurse to the patient, who was usually able 


to replace the instrument with only a slight movement. The pulse was 


counted in this way every ten minutes. Incidentally also the stethoscope 
on the mother’s chest enabled the observer to hear the baby when it cried 


Fortunately this happened but twice in the whole series of experiments 
and it was not therefore a seriously disturbing factor. 


ul 


As a further means of control of the patient, recourse could alwavs be 


had to the telephone if it was thought desirable to caution her against 
moving at a particular time; but in these experiments, owing to their 
latively short duration, and to the cheerful willingness of the patient 


= 
re 


to observe directions, its use was seldom found necessary. 


The influence of variations in temperature, either directly or indi 


rectly, on the metabolism of the subject was eliminated entirely by keep 
ing the temperature of the air inside the calorimeter uniform from day 
to day within 1° C. In fact the direct heat measurements made by this 
calorimeter are based on the ideal of a perfectly uniform air temperature 


(about 20° C.) throughout the course of any given experiment, althoug! 


variations do not invalidate them in any sense, since means of cor- 
rection are always at hand. The attempt was made to start the experi 


t 


ment each day at the same temperature. The control of the temperature 


of both room and calorimeter is such as to enable this to be accomplished 


with creat exactness even when there are extreme variations of the outside 


In general, we feel every confidence in saying that the conditions o 
each patient as regards the several factors of food, muscular act t ind 
10. Benedict: Influence of Inanition on Metabolism, Carnegie Institution of 


Washington, 1907, p. 488 
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temperature to which she was exposed, were as nearly constant as 
and that therefore the differences in metabolism observed, with cert 
exceptions which will be noted, may safely be taken as being due to the 
different physiological conditions which it is e sought to com] 
METHODS OF DETERMINATION 
A. The Resmratory Exchange.—The respiration calorimeter as used 


n this laboratory has a closed circuit system of ventilation; i. e., the sam: 
residual air is circulated round and round through the chamber and 
through the absorption system by a blower, while oxygen is admitted 


1utomatically as required, and the respiratory products are removed 


as 
they are formed, by the absorbers. Carbon dioxid is absorbed by potash 
lime, and water vapor by sulphuric acid. The gross amounts of these 
substances given off by the patient are obtained by the gain in weight 


e 1 


the separate absorbers, but it is necessary to make a correction b 
determining whether the carbon dioxid and water content of the air 
residual in the apparatus has changed during the course of an experi- 
ment. This is accomplished by making analyses in triplicate of ten-lite1 
samples of air for carbon dioxid and water both at the beginning and at 


the end of an experiment period. The same is true of the oxygen absorbed 


by the patient. The gross amount is obtained by the loss in weight of the 


oxygen cylinder during a period and a correction—it may be an addition 


or it may be a subtraction—is made by determining the change, if any, in 


the oxygen content of the residual air. This is effected by calculating the 
change in volume of the entire air due to fluctuations of the temperature 
and barometric pressure and subtracting from the residua 


volume found 
the volume of nitrogen (assuming it to be eight-tenths of the whole at the 
start of the experiment) and the volumes of carbon dioxid and water 
vapor taken out in the residual analyses for these substances already 
referred to. The accuracy of this method depends on the total 
volume of the calorimeter, the smaller the total volume the greater 
being the accuracy. The calorimeter used in these experiments is the 
smallest which has ever been constructed for experiments on adult humar 
subjects, its total capacity being only about 880 liters. The accuracy of 


s as great as can be obtained at 


the oxygen determinations thereltore 
1 


present.* 


B. Water Vapor.—The water vapor absorbed by the sulphurie acid 


was always determined: but with this calorimeter, and especia n the 
short periods used for these patients, it is of importance only as a means 
ll. A criticism of the oxygen determination (which at best is a very difficult 
matter) with all the sources of error involved, will be found in the descriptior 
f the new calorimeters. Benedict and Carpenter Respiration Calorimete! 


p. 89 
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of estimating the heat carried away from the calorimeter by vaporiza- 
tion.** 


Go The Heat Production as Measured.—The heat lost from the sub- 


ject’s body is measured in part by the amount of heat absorbed" by a 
current of water circulated through the calorimeter and in part by the 
amount of water vaporized" in the calorimeter. 

rhe sum of these two may not, however, be the exact amount of heat 
produced by the subject. Either more or less heat may have been gener- 
ated in the body than was given up to the calorimeter. In the former 
case the patient’s own body temperature would rise; in the latter case it 
would fall. Whether there has been any such difference can be learned, 
if the exact tem perature of the body at the beginning and at the end of 
the period can be known; for the amount of heat stored or the extra 
umount lost from the body in the period can be calculated by multiplying 
the body weight by the rise or fall in temperature and by the specific heat 
of the human body (0.83). 

The method of registering the body temperature of these patients 
was that first emploved by Benedict and Snell'® and by Benedict alone,** 
namely, means of an electrical resistance thermometer inserted 10 or 
12 centimeters into the rectum and connected through a Wheatstone 
bridge with a d’Arsonval galvanometer, the exact temperature at any 
time being known from the position of the slide necessary to give a zero 
deflection. The thermometer was sensitive to 0.01° C. and enabled us 
therefore to know the temperature of the body with great accuracy." 

The energy production, as given in the accompanying tables under the 
heading “direct,” denotes the amount of heat eliminated and measured 


} 


directly, plus or minus the change in body heat retained, as calculated 


from the rectal temperature. Control tests to make sure the calorimeter 
12. Benedict and Carpenter: Respiration Calorimeters, p. 44 
13. It is assumed that with a subject lying under a cover of certain thickness 


the heat lost from the subject’s body will pass through the cover to the heat 
ubsorbers at a uniform rate, allowance of sufficient time being made to permit 
the subject to warm up the bed before measurements actually begin. In these 
experiments the determinations never began within less than one-half hour after 
the patient entered the calorimeter 

14. Whether this water comes from the subject’s lungs or from the skin is a 
matter of indifference for this purpose 


15. Benedict and Snell: Arch. f. d. ges. Physiol., 1901, Ixxxviii, 492; 
1902, xe, 33 
16. Benedict Am. Jour. Physiol., 1904, xi, 145. 


17. Whether variations of the temperature in the rectum accurately represent 
variations of the temperature of the entire body mass cannot be known until a 
complete te pographical study of the temperature of the human body has been 
made Experiments in this direction have been planned and are now being car 
ried out in this laboratory. Meantime the assumption that such is the case is 
the best means we have of estimating the fluctuations in the amount of heat 
retained by the body 
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was working satisfactorily were made several times during the course of 
these experiments 
Since the weight of the new-born child is only 5 or 6 per cent. of that 


of the mother, it was not deemed necessary to complicate the connections 
with the calorimeter further by using a separate thermometer for the 
child. That is to say, for anything that we know the temperature of the 


iy child’s body in any given period might have been falling while the ten 


i 
7 
' 
| 
| 


perature of the mother’s body was rising and vice versa. The error 


oan 


nvolved would be small, however, unless the variation of the child’s tem 


l have been revealed by the routine 


perature was extreme, and this wou 
examination at the hospital. In only one case was there any report of a 


temperature for the child above normal and this was not on a calorimete! 


~~ 
pal lei EA A oe 


day. 


The rectal thermometer was the only feature of the apparatus t 


which the subjects of these experiments offered any objection and this was 
not serious. The objection was rather to the idea than to the sensations 
experienced. ‘The patient was always questioned at the termination of 


} 


e calorimeter period whether she had been comfortable and in no case 


7 
ee ae 


was the discomfort from the thermometer sufficient to account for any 


} ] 


restlessness observed. 

dD. The Heat Pri duction as Caleulated \s ar iiditional source 
of information regarding the energy transformations in the parturient 
patient we have made use of the method of Zuntz and Schumburg in « 


ulating the heat production per hour from the known quantities of nitr 


Be (ce te a Sil HOE A AN 


gen in the urine and the quantities of carbon dioxid and xvVgen 
exchanged in the respiration. This method is cel on the following 
onstants: 
‘ 
i 1. N in urine X 2.56 grams C from combustion of protein In respiration 
é 2. Total C of respiration C of protein C of C-H and fat in respiration 
: 3. N in urine X 8.45 grams QO, necessary for combustion of protein 
4. Total O, absorbed O, of protein O, for combustion of C-H and fat 
‘ 
7 _ : : 
‘ Ihe number of grams of carbon from carb drate and trom tat are 
{ then found by the following equations: 
‘¢ Let x be C of fat and y be C of carbohydrate in the respiratior Then 
i x + y= ( of fat and C-H 
: 3.751 x + 2.651 y QO, required for combustion of fat and C-H 
: Finally the N of urine X 26 = cal. from protein 
; C of fat X 12.3 = cal. from fat, 
C of C-H X 9.5 eal. from C-H 
j Sum=—Total cal. produce 
The figures obtained by this method of calculation are presented in 
the accompanying tables under the heading “Tndirect 
: ’ 


; We are well aware that the use of this me thod in these particulal ises 


is open to the objection that the constant N X 2.56 may not apply to 
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the urine of pregnancy, particularly in the later stages, when nitrogen 
is being retained in large quantity, or to the urine of the puerperium 
when nitrogen is being lost from the body in considerable quantity. In 
the absence of positive knowledge on these points we justify the use of 
the constant on the belief that the error produced by variations in the 
composition of such urines from that of normal urines would, at most, 


¢ a ae 


be small and therefore negligible. 
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Fig. 3.—Clinical record, Case 1, Mrs. A. B., primipara. Cal., calorimeter 
days; A, temperature curve; B, pulse; C, respiration; D, mother’s weight; E, 


child’s weight 


DISCUSSION OF RESULTS 
The results of all our laboratory determinations are presented in par- 


allel with the clinical records of the cases in the tables and charts (Figs 


3, 4 and 5). 





18. Our analyses of these urines, while not complete at the time this is 
written, confirm this belief 
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The general curves for temperature, pulse and respiration in the 
clinical record show that the cases ran perfectly normal courses. The 
temperature, even immediately after delivery never rose to 101° F. except 
in Case 1 on the evening of the day of parturition. The temperature 
which, according to Williams,’* is arbitrarily taken as the upper limit for 
the normal puerperium is 100.4° F. or 38° C., any rise above this being 
regarded as pathological. Applying this test we had but one pathological 


day (possibly two) in Case 1 and none at all with either of the other 


cases. 
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Fig. 5.—Clinical record, Case 3, Mrs. D. A., primipara. Cal., calorimeter 
day; A, temperature curve; B, pulse; C, respiration; D, mother’s weight; E 
child’s weight. 


The pulse in Case 2 was perhaps a little less regular than usua 
before parturition, but this was probably due to the nervous temperament 
of the patient and especially to the fact that she was in a rather badly 


19. Williams: Te ok of t , 1908, p. 336 











204 THE ARCHIVES OF INTERNAL MEDICINE 


run-down condition when she entered the hospital. For several days 
immediately preceding parturition, however, her pulse and in fact her 
whole clinical record is perfectly regular. It is possible that the high 
evening pulse and temperature of May 21 and May 26 in this case were 
due in some degree to the mild excitement of the laboratory experience 
during the morning hours, but this seems hardly probable in view of the 
fact that a pulse equally high was recorded on June 6 and 8, and a tem- 
perature equally high on June 3 and 9 when the patient had not been to 
the laboratory. On no other day can we find the slightest indication of 
any influence on the clinical record caused by the laboratory experience 
or by the journey to and fro either when the patient walked or when she 
was conveyed in an ambulance. 

The curves representing the body weights of the mothers call for a 
word of explanation. Weighings in all cases were made at the laboratory 
just before the patient entered the calorimeter, no account being taken of 
fluctuations between calorimeter days. Between days when the weight is 
positively known the curve is represented by a continuous line. Because 
it was deemed necessary to keep the mother in a horizontal position 
immediately after delivery and because the laboratory was not provided 
with a seales having a platform large enough to support the ambulance 
stretcher, or calorimeter bed, we are obliged to interpolate the weights 
within the first eight or ten days of the puerperium. This has been done 
by making due allowance for the weight of afterbirth, which was obtained 
in two of the cases, and of the average weight of liquor amnii as given by 
Gassner*® in 154 cases, by consulting the curves representing loss of 
weight in the puerperium as given by Gassner,*®° by Baumm*' and by 
Heil,** and finally by referring to the dietary records which were strictly 
kept throughout. These portions of the curves are shown in broken line. 
While this interpolation of weights is not entirely satisfactory, we believe 
that no very considerable error is thereby introduced. It should be added 
that in most instances in the special tables which follow, the per-kilogram 
data are based on the known weights. 

Special results of the investigation are set forth by means of the sum- 


maries contained in Tables 4, 5, 6 and 7. By way of comment on the 


detailed laboratory records which accompany the charts we would direct 


attention to the following: 


GENERAL RESULTS 
1. Pulse and Me tabolism.— The records seem to show that in patients 
of this class the pulse alone cannot be taken as an index of the intensity 
of the metabolic processes, either in the same patient or as between differ- 
20. Gassner Monatschr. f. Geburtsk., 1862. xix, 31 
21. Baumm: Miinchen. med. Wehnschr.. 1887, Nos. 10 and 11 
22. Heil Arch. f. Gynaek., 1896, li, 18. 
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ent patients. This was not unexpected in view of the fact that the energy 
of the heart is measured not by the frequency alone but by the frequency 
multiplied by the volume output for each beat. A simultaneous record 
of the pulse-pressure, if it could have been obtained with the patient in 
the calorimeter, would doubtless have furnished a sufficiently accurate 
measure of the volume output for this purpose. We did, as a matter of 
fact, take the blood-pressure of the patients with an Erlanger sphyg- 
momanometer on many of the calorimeter days both before and after the 
calorimeter period, with this very point in view; but because of the slight 
disturbance to the patient incident to putting her in and taking her out 
of the calorimeter, we could not, without consuming more time than 


could be spared for the purpose, secure results which we could be sure 


would obtain in the calorimeter at the time the heat was being measured 


2. Respiration.—The respiration rate shows nothing unusual. In 
Case 1 it is slightly higher after parturition than before; in Case 2 about 
the same; and in Case 3 slightly lower. These results agree with thos« 
of L. Zuntz** in showing no essential change in the rate due to pregnancy 
There is no indication that the number of respiratory mdvements bears 
any fixed relation to the intensity of the metabolisn We have no data 
on the depth of respiration. 

3. Body Temperature.—In Case 1 the slightly febrile condition imm« 
diately after parturition may have been a determining cause of the higher 
heat production. In Case 2 this may have been the case previous to delis 
ery, for example, on May 30, and on the days after parturition when the 
mother was alone in the calorimeter: but on the days when the bab 
accompanied her this factor is entirely obscured by the factor of mus 
cular activity occasioned by the crving of the baby. In fact, this case is 
the only one in which the postpartum metabolism was higher than t 


prepartum (see summary beyond) and yet the body temperature aft 
parturition was not distinctly higher than before. In Case 3 again wher 
the temperature was higher after parturition the heat output was not 
greater than before. It is not impossible that we have in Cases 1 and 3 
two distinct types of fever—the first a physiological fever caused by an 
increase in the heat production and the second a toxic fever caused by 
interference with heat loss, but showing no increased heat production 

1. Extraneous Movements and Metabolism.—There is a noticeable 
parallelism between the number of bodily movements, i. e., restlessness 
of the patient, and the heat production in all the cases, a circumstance 
which stamps this as the most important extraneous factor which we had 
to contend with. The variations in this respect are not so extreme as the 
numbers alone might indicate, for the movements were not all of the sam« 
character, sometimes being merely long breaths, at other times grosser 


23. Zuntz, L.: Arch. f. Gynaek., 1910, xe, 452 
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movements like turning over from side to back. The fact, however, that 
the metabolism does follow these fluctuations in what one may call the 
composure of the patient makes interpretation of any progressive differ- 
ence within the last month of pregnancy or within the puerperium some- 
what difficult, although, as we shall see presently, it does not invalidate 
the comparison of the prepartum metabolism with the postpartum, which 
is our chief concern. Thus without this record of movements one might 
be inclined to say that the metabolism per kilogram of weight in Cases 2 
and 3 fell off as they approached parturition only to rise immediately 
before, and to refer these differences to changes in the rate of embryonic 
growth or at least to uterine conditions, but with the knowledge of the 
relative composure of the patient, the decline noted probably becomes a 
question of diminishing psychic effect of the calorimeter, and the rise 
(Case 3) just before parturition is probably secondary to restlessness 
induced by uterine conditions. We do not feel justified, therefore, in 
saying that our experiments show any progressive change in the metabolic 
processes due to progress of the pregnancy or to the involution processes 
after parturition, except as such change may be attributable to secondary 
causes. The experiments were limited to too short a period both before 
and after parturition, or were too few in number, for such a purpose. 

5. Respiratory Exchange.—What has just been said with regard to 
progressive changes in total energy production, will apply also to the 
respiratory exchange. There is no clear evidence of a progressive change 
in either the carbon dioxid elimination or the oxygen absorption which is 
referable to progressive changes going on in the uterus. 

Changes in the respiratory quotient can be accounted for in almost 
every case by fluctuations in the diet. Case 1 shows a falling off in the 
respiratory quotient as parturition is approached, while Case 2 shows in 
the first four days on which experiments were conducted a gradual rise 
in the quotient. In the former the change is due to a more restricted 
diet which was begun on May 21, and in the latter the change was due, 
probably, to improvement in the patient’s appetite and in her general 
physical condition. 

The low quotient observed in all cases immediately after parturition 
is due to the milk-and-broth diet on which the patients were kept at this 
time. That such a diet falls far short of supplying the actual energy 
requirement at this time can readily be shown by calculation and is 
emphasized by this low quotient, which is practically that of starvation. 
This dietetic procedure may be justifiable from the clinical standpoint, 
but it certainly is not from the standpoint of energy requirement. It 
may well be recommended to attempt supplying the full requirement of 


energy by fortifying the milk with lactose or other easily digested form 





























T. M. CARPENTER—J. R. MURLIN 207 


of carbohydrate.** As soon as the patient returned to the diet prescribed 
before parturition the quotient rose, and within a week or ten days had 
returned to about the same level as before parturition. 

The general level of the respiratory quotient is somewhat lower 
throughout for Case 2 than for Cases 1 and 3, a difference which we are 
inclined to refer to the poorly nourished condition in which this woman 
was received at the hospital. Both the other patients were in much better 
general condition, and continued so throughout. 

In this connection it is of interest to compare the oxygen absorption 
per kilogram of weight at corresponding stages in the different patients 
Thus, on the eighteenth day (June 24) before parturition in Case 2, the 
oxygen absorption was 0.33 gm., while on the seventeenth day (June 5) 
in Case 3, the absorption was only 0.28 gm., the quotient on these two 
days being 0.84 and 0.83, respectively. This difference is due, we believe, 
partly to the nutritive condition and partly also to the difference in body 
form. Patient 2 was tall and rather slender in build; Patient 3 was 
no taller, but weighed about 12 kilograms more—that is, she was com- 
paratively fat. The effect of body fat in diminishing the heat production 
per kilogram of body weight is a well-known phenomenon. Again, on 
the first day before parturition in Case 1, the oxygen absorption per 
kilogram was 0.29 gm.; in Case 3 it was 0.3—or almost exactly the same. 
Both patients were primipare and were approximately of the same gen- 
eral build. The respiratory quotient on these two days was 0.84 and 0.83 
respectively. 

6. Energy Production.—It will be observed that the energy produc- 
tion directly measured and that calculated agree fairly well on most of 
the experiment days. This is notably true, with few exceptions, of Cases 
land 3. The agreement is not so good in Case 2, due possibly to irregu- 
larity in the quantity of nitrogen excreted by the kidneys in the calor- 
imeter periods. One method shows variations about as great as the other. 
Taking the mean of the two we have a figure which probably represents 
more accurately than either one alone the total energy production per 
hour at the different stages of the experiments. Where the physical con- 
ditions of the patients were the same, or approximately so, previous to 
parturition, the metabolism per kilogram of body weight, by taking the 
mean of direct and indirect measurements, agrees very well from day to 
day, e. g., Case 1, May 22 and 25; Case 2, May 24 and 26; Case 3, June 1 


— 


and 19. Naturally it was much more difficult to secure physical condi- 
tions for both mother and child which would be the same on different 
days of the experiment, yet where this chanced to be approximately true, 


24. See Shaffer, P. A., and Coleman, W.: Protein Metabolism in Typhoid Fever. 
Ture Arcuives Int. MEp., 1910, iv, 538; also Murlin: The Nutritive Value of 
Gelatin. II. The Influence of Carbohydrate, ete., Am. Jour. Physiol., 1907 
xx, 234. 
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as in Case 1, June 7 and 9, and Case 3, June 26 and 30, the agreement 
again is fairly good, better than it would have been by taking the direct 
measurements alone. In each case the metabolism per kilogram was high- 
est for mother and child immediately after parturition. In Case 1, this 
was due to the febrile condition of the mother; in Case 2, in part at least, 
to the restlessness of the child, and consequently of the mother; in Case 3, 
the cause is not so clear, but it may have been the nervousness of the 
patient so soon after parturition. (See also “Comparison of the Metab 
olism of Mother and Child Before and After Birth.’’) 


SPECIAL RESULTS 


I COMPARISON OF THE METABOLISM OF PREGNANT AND NON-PREGNANT 
WOMEN 


We have already seen from a priori considerations as well as from the 
few experiments which have been reported that there is no significant 


increase in the metabolism of the pregnant organism, even in the absolute 
} 1 


sense, until near the middle of the gestation period, and that the single 


experiment of Magnus-Levy is the only one on record so far in which an 
I 


increase per kilogram of weight has been reported before the middle of 
pregnancy. We were fortunate enough to receive the recent paper of 
L. Zuntz** in time to find that, so far as the respiratory metabolism alone 
is concerned, this general conclusion is confirmed by the complete report 
of his experiments. Zuntz reports three cases on two of which he made 
observations by means of the Zuntz-Geppert method throughout the ges- 
tation period and on the third a few observations in the sixth month only 
He compares the results with figures previously obtained from the same 
subjects in sexual rest. The first two increased considerably in weight 
during the gestation period, quite independently of the product of con- 
ception, so that the amount of oxygen absorbed, when expressed per 
kilogram of body weight, was even less in the ninth month (Case C) than 
t had been in sexual rest, or was so little greater (Case B) that Zuntz 
f 


velieved the difference was entirely due to the increased labor of respira 


} 
} 


tion. In the third case, however, the weight was less in the sixth month 


than it had been previous to conception, the oxygen absorption being as 
1 consequence significantly larger per unit of weight in the pregnant con- 
dition. On the basis of this experiment and that of Magnus-Levy, Zuntz 
hat at the end of pregnancy the respiratory metabolism nor- 
mally would be considerably higher than in sexual rest and that this is 
not altogether due to increased labor of respiration. 

This paper has been purposely delayed for the sake of obtaining results 
on the metabolism of non-pregnant women for comparison with those 


obtained in this investigation. Such determinations have recently been 


made in this laboratory on seven different women ranging in age from 18 
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ee 
~ 


to 55 vears. and in weight from 37 to 66 kilograms. We have also been 





fortunate enough to induce the subject of our Case 1 to return to the 
laboratory, just one year from the date of her confinement, for three one- 
: hour determinations. The results for this woman show certain discrep 
ancies with those obtained from her a year previously, due possibly to 
» : - ie . : . 
differences in her physical condition at the time of the experiment. For 
this reason the results are included only in the average for the normal 
woman (Table 4). 
TABLE 4 COMPARISON OF THE ENERGY METABOLISM IN PREGNANT AND NON 
PREGNANT WOMEN, COMPILED FROM ALL SOURCES KNOWN TO-DAY 
Pregnant (ninth month) Non-pregnant 
S = 
= S 
a S 4 
ML ie = Se 
Subjects r 5 E == 5 “as Remarks 
s °C ei Z ~ e 5 
. 
Magnus-Levy's case (1896-97) 115 3.3 108 2.9 
nt Case A (1905) 50 3.9 79 50.9 3.47 85 Sixth month of pregnancy 
Zuntz’ Case B (1904-5) 58 3.7 87 48.6 3.5 84 
Zunt Case C (1903-4) 67 3.4 S4 54.7 3.75 81 Mean of all four cases to this 
point 3.4 cc. O» 
Aut I Case 1 (1909) 63 3.4 S5 0.96 51.4 3.46 85 1.06 Ist, 4th and 6th days prepar 
tum; 15th day postpartum 
. \ s’ Case 2 (1909) 58 3.9 83 1.11 48.5 4.12 78 1.23 Mean of 13, 7, 19, 20 and 
22d days prepartum; 4th 
ind 11th days postpartum 
Ca ; (1909) 69.1 3.4 &5 1.02 60.1 3.34 83 1.00 Mean of Ist. 3d, 17th, 21st 
i and 24th days prepartum ; 
th and 12th days postpar 
| tum 
} Mi l1.2a 3.65 1.10 
\verage of eight normal women, 37-66 3.48 SS 0.99 rhis average includes Case 1] 
is laboratory (1910) for May 24, 1910 
Average of all cases.. 3.57 S84 1.03 3.49 SS 1.02 
> It is surprising how close is the agreement between the results obtained 


with the respiration calorimeter and those obtained by the Zuntz-Geppert 
method. Zuntz’ Case C agrees perfectly as far as O, absorption is con 
cerned, with our Cases 1 and 3. The agreement between his Case B and out 


} 
ri 


Case 2 is not so close as seems at first sight, for it is certain that his 


subject was much fatter than ours, and the quotient is higher. The mean 


} 


oxygen absorption per kilogram and minute in the non-pregnant woman 


Se, 


> > 4 


before conception is 3.45 ¢c.c. (for first four cases in the table, 3.4 c. 


for the eight normal women recently experimented on in this laboratory, 


] 


3.48 c.c.) but the mean for our three cases taken during the puerperium 
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is 3.65 « in increase ol 5.5 pr r cent.* | her average, however, is 
entirely due to the high figure given by Case 2, which exhibits a much 
lower respiratory quotient, a result probably attributable to the food 
factor. Neglecting this case we can say that the oxygen absorption per 
kilogram and minute is the same in the puerperium as in complete sexual 
rest. The mean result for all non-pregnant subjects is 3.49 c.c. For the 
pregnant woman the result is 3.57 c.c—3.5 per cent. more than the 
amount obtained for all the cases taken in complete sexual rest and 2.2 
ess than the average for the puerperium. 

As for the heat production per kilogram and hour, the only data 
available are from our own cases. The mean result for the pregnant 
woman is almost exactly the same as the average for all the non-preg- 
nant subjects summarized in the table—1.03 calories for the former, 1.02 
calories for the latter. For the woman in complete sexual rest, however, 
the mean result for the eight cases is 0.99 calories per kilogram and hour, 


i. e., about 4 per cent. less than for the pregnant woman. The agreement 


between the oxygen difference and the total energy difference is very satis- 


factory indeed. The conclusion which we may draw with entire con- 
iden is. that the energy metabolism. expressed per kiloagra and hour. 
of ti y nt 4 In in the last mor th of he r preqnancy, is hut little 
larger (4 r cent.)** than for a woman in complete sexual rest. 


While we have no data as to the depth of respiration or as to the 


increased labor of respiration in pregnancy, we are inclined to think that 


so slight a difference might be attributable entirely to such a cause, 
instead of only partly so, as L. Zuntz believes. In fact, according to 
Zuntz’ own estimate of the increased labor of respiration in his Case B 


the difference in oxygen absorption between the pregnant and the non- 


pregnant condition is exactly accounted for in this way. This conclusion 
would mean, very clearly, that the metabolism of the fetus, together with 


all the accessory structures, is the same as so much maternal tissue. If 
the metabolism of the fetus itself were slightly higher in the human 


being, as it seems, from Bohr’s?? experiments, to be in the guinea-pig, 


this factor would be counterbalanced by the fact that the liquor amnii 
(and possibl the membranes) takes no part in the metabolism (see, 


however, t liscussion of the metabolism per unit area of surface) 


On the other hand the heat production in the puerperium is distinctly 


higher than that for complete sexual rest or for the pregnant condition— 


25. Magnus-Levy (Ztschr. f. klin. Med. 1897, xxxiii, 258 gives results 
on the respiratory exchange of twelve normal women ranging in weight from 31 
to 76.5 kg., and in age from 18 to 40. The average amount of O, absorbed was 
4.1 ec. (Zuntz method) 

26. If Pubner’s law of skin area is strictly true for subjects of this class the 
difference is really about 10 per cent. (see end of Section IV, Metabolism per 
Unit Area of Body Surface 

27. Bor: Skandin. Arch. f. Physiol., 1900, x, 413 
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the average for our three cases being 1.10 calories per kilogram and hour, 
or 11 per cent. higher than the average for the former and 7 per cent. 
higher than the average for the latter. The three cases actually agree 
in this better than appears from the summary in Table 4. By reference 
to Table 3 it may be seen that Case 3 showed a heat production of 1.09 
calories per kilogram and hour on the ninth day and that the low figure 
t obtained on July a 


given in Table 4 is due to the unusually low resul 
the last day of the series, when the patient was extraordinarily quiet. 
What is the explanation of this higher energy production of the puer- 
perient mother? That it was not fever is apparent from the very accurate 
temperature measurements made by the rectal thermometer. It is quite 
conceivable that the processes of involution, which were not yet entirely 
complete at the time our observations were made, set free decomposition 
products which stimulate the general heat production in 4 manner analo- 
gous to the stimulation of the mammary glands by fetal products. If so, 
the processes by which heat is lost from the body (evaporation of water, 
radiation and conduction) must be equally stimulated, for there is no 
accumulation of heat. A state of hyperactivity of the sweat-glands, espe 
cially during the early days of the puerperium, is a phenomenon well 
known to obstetricians and it is possible that this activity is a primary 
cause of the increased heat production—a cooling of the body surface gen- 
erally resulting in a reflex stimulation of the heat-producing tissues. We 
believe, however, that the most important factors are the activity of the 
mammary glands and the specific dynamic action** of the foodstuffs burn 
ing—especially the increased protein combustion®® due to involution of 
the uterus. All of our patients were nursing their babies and at the time 
of the exveriments the breasts were overfull of milk, though there was, 
so far as we know, no irritation from this condition. The lower respira- 
tory quotient found in the puerperium which, as we have seen, is to be 
y imposed 


delivery, is a sign that the patient has used up her store of glycogen dur- 


ascribed to the restricted diet very common! immediately after 


ing labor and is thrown back on her reserve of fat, and on the protein 


resorbed from the uterus, for her supply of energy. The dynamic action 


i 


vf&the latter would considerably increase the heat production. 


Il. COMPARISON OF THE METABOLISM OF MOTHER AND CHILD BEFORE 
AND AFTER BIRTH 


A comparison between the prepartum and postpartum metabolism of 


mother and child is shown in Table 5. Taking the mean of all experi- 
ment days both before and after birth, we find that the temperature of 





28. Consult Lusk: Science of Nutrition, Philadelphia, 1909, p. 156. 
29. Cf. Murlin: Am. Jour. Physiol., 1910, xxvii, 177 
30. Cf. Rubner: Energie-Gesetze,, p. 370 
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the mother’s body (and, we might add, the other physical conditions as 
well) shows but little change. The greatest difference occurred in Case 3, 
where the temperature remained about half a degree higher up to the time 


the experiments terminated (eleventh day) than it was before parturition. 








: This, however, it will be noted, did not increase the total metabolism. 
The carbon dioxid output in each case is higher before parturition ® 
than after; the oxygen, on the contrary, is slightly higher after parturi- 
tion than before, differences which, of course, are reflected in the lower 
quotient following parturition. The energy production expressed in abso- 
lute figures in both Cases 1 and 3, is almost the same before and after 
TABLE 5 ENERGY METABOLISM OF MOTHER AND CHILD TOGETHER BEFORE 
AND AFTER PARTURITION 
Respiratory Exchange Energy Production, Calories per hour 
Tz . 
Cas - th a ¢) Pa 
# = rs 9 = 
- = f ¢ &£ 5 E 
Mean of all days before and ot g ” = a = Z e 9 
after delivery 2 ™ 4 4 a] . ) 
© 6 = > < e|. . z & 
Case 1 
Ist, 4th and 6th before dk 
livery - 36.75 21.3 18.4 85 60.0 61.3 60.7 —_— 0.96 eees | 
2d, Sth, 12th, 14th and 17th 
after delivery . 36.9 20.2 18.5 80 61.2 61.2 61.2 + 87 1.11 +15.6 
Case 2 
43th, 17th, 19th, 20th and 
22d before delivery 16.68 22.3 19.6 g 63.6 65.9 64.7 1.11 
2d, Sth and 11th after de 
livery . 36.8 21.7 20.4 78 71.1 67.5 69.3 +71 1.32 +18.9 
Case 3 
ist, 3d, 17th, 2ist and 24th 
before delivery : 36.64 23.9 20.2 S6 ‘2.2 68.7 70.6 1.02 
4th, 8th and 11th after de 
17.23 231 203 81 708 686 69.7 — .9 1.11 + 88 


livery 


ae 


parturition. In Case 2 there is an increase of about 7 per cent. in the 


postpartum metabolism over the prepartum. It is gratifying to note that 
this general result would not be materially changed in either case if the 


figures as obtained by direct measurement, or those obtained by calcula- 


sin 

tion were used alone instead of the mean of the two. The slight increase 
in Case 2 can perhaps be accounted for by the crying of the baby on two 
out of the three postpartum days. We feel justified therefore in drawing 


the conclusion, that the postpartum metabolism of mother and child is not 
greater in absolute amount than the prepartum metabolism. In other 


words, the extra metabolism of pregnancy at its culmination, due in part 








to the activity of the accessory maternal structures as well as to the fetus, 





be 


<< 
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is just compensated by an extra metabolism set up after the child begins 
an independent existence. Ruling out the factor of muscular activity 
in mother and offspring, therefore, as we have succeeded in doing in Cases 
1 and 3, the curve of total energy metabolism in mother and child suffers 
no deflection at birth. This conclusion is the same as that drawn by one 
of us from experiments on the pregnant dog.** 

Calculated per kilogram of total weight of mother and child, the post- 
partum metabolism shows an increase of from 9 to 19 per cent. over the 
prepartum. That is, while the absolute amount of energy produced by 
mother and child is just the same after birth as before, each average 
kilogram of mother-and-child material is producing more energy after 
birth. To understand this we must bear in mind two facts: 

1. The total weight after birth is considerably less than before and a 
part of the material whose weight is to be deducted (liquor amnii, blood, 
membranes, placenta, etc.) did not participate at all in the metabolism 
and the remainder of it probably did not participate so actively as mother 
and fetus proper. The metabolism before birth is diluted or toned down, 
so to speak, by a certain weight of inanimate and relatively inert 
material. 

2. We have seen in the previous section that in spite of this fact the 
metabolism per unit of weight of the mother alone in the puerperium is 
but 11 per cent. at most more than that of a woman just before parturi- 
tion. Hence, it follows that the greater energy production per unit of 
weight after birth is due in considerable part to the more active meta- 
bolism of the new-born child. It is a remarkable fact that the compensa- 
tion mentioned above should be so perfect that the increase in energy 
production in the child when it passes from the warm environment of its 
mother’s uterus to that of the outside world (in bed beside its mother) 
plus the increase in the mother’s own metabolism, should be so nearly 
equal to the energy required by the fetus and the accessory parts which 
supported it in utero. 

Just how much the child’s metabolism increases at the time of 
birth we have as yet no certain means of knowing. That it is considerable 
—that the change represents indeed a turning-point, in the quantitative 
sense, in the metabolism of the child—is evident, by analogy at least, 
from Bohr’s** results on the guinea-pig, where the metabolism of the 
embryo was found to be only 10 per cent. greater per unit of weight than 
that of the mother, and from the results which will be given in the next 
section. The demands on the digestive system of the mother, however, 
are not greater. She is called on to supply the same amount of energy 
in potential form to herself and child immediately after parturition that 
she did to herself and child immediately before. 


31. Murlin: Am. Jour. Physiol., 1910, xxvi, 134. 
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III. ENERGY METABOLISM OF THE NEW-BORN CHILD 


It was not our intention at the outset to attempt determinations of the 


metabolism of the child, but as the experiments progressed we saw the 

possibility of obtaining this by difference. The bed calorimeter is not cal- } 
culated to measure a total quantity of heat as small as that produced by l 
a new-born child with a high percentage of accuracy; but it is calculated 4 
to measure the quantity produced by adults with an accuracy much ' 
greater (that is, with an error much less) than the metabolism of the : 


infant alone would amount to. If, therefore, we obtain the metabolism of 


TABLE 6 ENERGY METABOLISM OF NEW-BORN CHILD 





Respiratory Energy Production, 
Exchange. Calories per hour. 
— —_ a ae _ 
a “ 
- . § | 
® Be 4 3 { 
2 . 
= Bc & . +3 e 
wo ss . & = : 
‘ = 2 E : 2 ~ eb Remarks. ; 
‘ase. Ps > te E = a = 
: so a % oe 7 , & 
> on © 1 : | +inN © 
< = o © a S] a) 3! oe 4 
Case 1— 
Mother and child; mean of 5 
days after parturition...... ... 36.9 20.2 18.5 .80 61.2 61.2 61.2 1.11 
Mother alone; 15th day after 
DORCUTTIER ceccccccccccces ose 36.4 17.8 15.3 85 53.5 54.3 53.9 1.05 
Child by difference........... 2.7 sens 2.4 3.2 .56 7.7 6.9 7.3 2.70=-2.57 times that of 
mother (1.05). 
Case 2— 
Mother and child; mean of 3 
days after parturition...... 36.8 21.7 204 .78 71.1 67.5 69.3 1.32 
Mother alone; mean of 4th and 
11th days after parturition. . 36.8 183 17.2 .78 620 57.2 593 1.21 
Child by difference........... 3.4 er 3.4 3.2 .77 9.1 10.3 9.7 288 2.34 times that of 
mother (1.21) 
Case 3— 
Mother and child; mean of 3 
days after parturition...... — 37.2 23.1 20.8 81 70.8 68.7 69.7 1.09 
Mother alone; mean of 9th and 
12th days after parturition.. 37.3 19.7 17.4 83 62.7 58.1 60.4 1.00 
Child by difference........... 3.2 rene 3.4 3.2 .73 8.1 10.6 93 290 2.9 times that of 
mother. j 
Mean of 1, 2 and 3 (child).... 3.1 3.3 .68 8.3 9.3 8.8 282 2.6 times that of 7 
mother. 
the mother and child with a satisfactory degree of accuracy and that of ' 


the mother alone with the same accuracy the difference, or the metabolism 
of the child, ought to be at least fairly accurate, provided the conditions 
of the different determinations are comparable. Acting on this thought 
we made one determination in Case 1 on the mother alone on a day imme- 
diately adjoining that of a determination on mother and child, and two 
such determinations in both the other cases. Without attempting to select 
the days which would be most nearly comparable, we have taken the mean 
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of all in each case (Table 6) in the belief that the conditions throughout 
were as nearly constant as it would ever be possible to get them. It should 
be understood that the results here obtained represent the metabolism 
of a child while sleeping only (Cases 1 and 3) or at least comparatively 
quiet and sleeping most of the time (Case 2) and while kept warm in bed 
beside the mother. It should be added also that in every determination 
with mother and child, the child had been allowed to nurse immediately 
before the experiment.** 

The respiratory quotient, it will be observed, is comparatively low 
in each case, and in Case 1 is probably too low to be trustworthy. Quo- 
tients as low as this have been reported for new-born infants by Scherer** 
and by Babak,** but one feels very loath to believe that these results can 
be reliable unless it can be shown that some oxygen-rich substance is 
being formed for storage out of some oxygen-poor substance by utilizing 
oxygen absorbed from the lungs. 

The average respiratory quotient obtained by both Scherer and Babak 
for a child exposed to ordinary room temperature is about 0.7, with which 
our own results in the latter two cases agree very well. These are the 
only determinations on infants as young as ours which we have been able 
to find in the literature. Recent determinations on infants above 4 
months of age made by Schlossmann, Oppenheimer and Murschhause1 
make the quotient as high as 0.9. 

The heat production, expressed per kilogram and hour, of our three 
infants agree very well with that obtained by Babak in the experiments 
above mentioned on infants from one hour to eight days old with a com- 
pensating calorimeter of the d’Arsonval type, and by Rubner and Heub- 
ner*® on an infant nine weeks old with the Voit-Pettenkoffer apparatus 
Babak’s results vary between 2.42 calories per kilogram and hour at 24 
C. and 3.83 calories at 12.1° with an average of 3.15 calories for the 
seven experiments. Rubner and Heubner found 2.93 calories. 

Perhaps the most interesting thing about our determinations of the 
metabolism of the infant is the opportunity we had for a direct compari- 
son with the metabolism of the mother under conditions which would 
influence the energy production to about the same extent. While the 
mother had had no breakfast, the child had just been fed; but while the 
mother was awake, the child was asleep (with the exception of two days 

32. The urine of the child was not collected. Such error as this produces would 
make the indirect measurement too high: see method, D. “The Heat Production 
as Calculated,” under “Methods of Determination.” 

33. Scherer: Jahrb. f. Kinderh., 1896, xliii, 471. 

34. Babak: Arch. f. d. ges. Physiol., 1902, Ixxxix, 154. 

35. Schlossmann, Oppenheimer and Murschhauser: Biochem. Ztschr., 1908, 
xiv, 385. 

36. Rubner and Heubner: Ztschr. f. Biol., 1898, xxxvi, 1. 








IV. METABOLISM PER UNIT AREA OF BODY SURFACE 


We have already seen that the metabolism of the pregnant woman, 
expressed per unit of weight is about 4 per cent. greater than that of the 
non-pregnant woman. It becomes of special interest now in view of the 
generally recognized importance of Rubner’s law of skin area to consider 
what influence the change in shape of the woman’s body may have had in 
producing this higher metabolism. Has the abdominal distention and 
other hypertrophy characteristic of the last month of pregnancy brought 
about a greater exposure of skin surface in proportion to weight, and, if 
so, how may it be conceived to affect the rate of heat loss and consequently 
of heat production? To any one familiar with Rubner’s law it is evident 
at once that the higher metabolism per unit of weight in a person of 
greater weight must mean either a change in the relationship of surface be 
to weight or an increase in the metabolism per unit of surface, because 
with the formula S=K*\/W?, the larger the weight becomes the 
smaller (proportionally) becomes the surface. This will be readily under- 
stood by comparing the energy production of the mother before and after 
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in Case 2, as already noted). The differences would therefore tend to 
equalize each other. 

The first infant showed a metabolism per kilogram and hour two and 
a half times that of its mother, the second two and three-tenths, and the 
third two and nine-tenths—an average for the three of a little over two 
and a half. 


delivery as calculated from the above formula (employing Rubner’s factor 


12.3 as the constant) with that of women in complete sexual rest. if 
Table 7 shows that the energy production per square meter of surface 

and hour is higher for the pregnant woman in each case than it is for the 

eight normal women (last line of table). The increase is 3.9 per cent. 


for Case 1, 15.8 per cent. for Case 2 and 12.2 per cent. for Case 3; or 10.6 
per cent. as the average for the three. The percentage increase per unit 
of surface, in other words, is apparently greater than the percentage 
increase per unit of weight. We say “apparently” because in reality if the 
metabolism per unit of surface were the same in two individuals differing 
as much in weight as these two groups of individuals did (about 20 per 
cent.) the difference per kilogram would be at least 6 per cent. in favor 
of the smaller individual, which, added to the increase of 4 per cent. in 
favor of the larger individual which we found, makes the percentage 
increase per unit of weight actually the same as that per unit of surface. 
This, however, is a mere coincidence. For the metabolism per unit of sur- 
face ought to be the same, according to Rubner’s law, which seems to be 
fairly well established. Is the increase then per unit of surface due to a 
change in the relation of surface to weight (i. e., does the formula need 


to be modified for pregnant women), or to a specific difference ? 
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Anticipating this problem, we made some measurements on two of the 
patients both before and after delivery, with the idea of estimating the 
difference in skin area due to pregnancy. These measurements apply to 
the abdomen only and assume that the extent of the abdominal wall near 


1 
} 


close of the puerperium would be essentially the same as that of a 


~tuas 


woman 1n complete sexual rest. The shape of the abdomen in the non 
pregnant woman we considered as roughly that of a cylinder, and 
the shape in the last few weeks of pregnancy with the patient 


| 


on her back, as she would be most likely to lie in the calorimeter, to be 


at of one-half of a sphere added to one-half of a evlinder. T 


TABLE 7 METABOLI§M OF MOTHER (BEFORE AND AFTER PARTURITION) 
AND OF @HILD PER SQUARE METER OF SURFACE * 





S = a ¢ 
m & st = 
o z oe E g 
= E Se wt Se se 
ce - 7 ~ jon} & ~~ 
Case 1 
Mother before parturition. 63 1.94 11.0 9.5 31.4 35.0 30.2 
Mother after parturition.. 51.4 1.70 10.5 9.0 31.7 1 28.4 
Child ° eosese ° 2.7 0.24 10.0 12.9 30.5 
' Case 2 
Mother before parturition..... 58 1.84 12.1 10.6 35.1 34.4 30.2 
Ly Mother after parturitior 48.5 1.64 11.1 10.5 36.2 30.6 29.0 
| Chil 1 0.28 12.2 11.5 4.9 
i hild 
}8 Case 3 
i Mother before parturition 69.1 2.07 11.5 9.8 1.0 33.8 28.8 
E Mother after parturition 60.1 1.89 10.4 9.1 31.97 32.6 28.5 
Child son Lhecneee ‘ 3.2 0.28 13.6 13.1 33.2 
Average of eight normal women 
(1910) ... Per er rT re 37-66 : 11.0 9.1 30.3 36.3 30.0 


* Formula 12.3 *v(W)? 
+ Taking ninth day only after parturition this figure would be 34.7 


+} 


not underestimate 





SKIN area, indeed, as if two-thirds of a sphere were added to two-thirds 
of the cylinder. Thus on July 3, with Case 3 we found the length of the 


abdominal cvlinder from pubis to ensiform process to be 75 em., and the 


re 


circumference of the cylinder at the umbilicus to be 36 cm.—a total skin 
é area for this part of the body therefore of 0.27 sq M. On June 3, conut 
> three weeks before delivery this same woman measured from pubis to 
ensiform 42 cm. and around the body at the umbilicus 98 em. Calculating 


i 
| the area of a sphere with circumference of 98 cm. by the formula 4 11 r’, 
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taking two-thirds of that amount and adding to two-thirds of the area 
of the cylinder we get 0.383 sq. M. as the area of the abdomen of the 
pregnant woman, an increase therefore over the area ten days after deliv- 
ery of 0.113 sq. M. This method is confessedly crude, but it gives a 
figure for the increase in skin area of the pregnant woman, which is at 
least large enough and is probably much too large. Nevertheless this 
amount is not so large as is obtained by calculating the surface from the 
weight on the two dates given above and taking the difference. On July 3, 
the weight was 60 kg. and by the formula 12.3 *\/ W? the surface at this 
time would have been 1.885 sq. M. On June 3 the weight was 70 kg. 
and the surface by the same formula would be 2.089 sq. M. This makes 
the difference in surface 0.204 sq. M. It is clear, therefore, that the same 
formula would not apply to the pregnant women. Reversing the process 
and estimating what factor would be necessary to give an increase in sur- 
face of 0.113 sq. M. for a weight of 70 kg. over that of 60 kg., we find 
that the factor 12.3 would need to be changed to 11.8. Applying the same 
method to Case 2 we found that in order to give the increase of skin area 
which could be demonstrated by regarding the pregnant abdomen as two- 
thirds of a sphere added to two-thirds of a cylinder, the factor 12.3 in the 
formula would need to be changed to 11.4. This woman, it may be 
remembered, was very slender and was also a multipara, while Patient 3 
was the fattest of the three patients and was a primipara. Hence these 
figures may be taken as representing sufficient range for the deviation 
from Rubner’s factor of 12.3 which would be necessary to express the 
relationship of skin area to weight produced by the distention of the 
abdomen, although the deviation itself may not be large enough. This 
estimate is sufficiently liberal also, we think, to cover the enlarged mam- 
mary glands and any other increase in surface such as that due to hyper- 
trophy of the pelvis generally. We may fairly conclude then that the 
relation of body surface to body weight in the pregnant woman presents 
a considerable departure from that of the normal adult—that, in fact, 
the amount of surface in proportion to weight is relatively less than that 
of a normal adult. It is a singular fact and one probably not without its 
significance that the factor necessary to express the relationship of surface 
to weight in the pregnant woman should approach that found by Meeh** 
for infants. 

It is evident, however, that this change in relationship cannot account 
for the higher metabolism per unit of weight; for a smaller surface 
would mean a diminished heat loss and a corresponding decrease in heat 
production. This forces the conclusion, therefore, that a higher meta- 
bolism in the pregnant woman is a specific one. The heat production in 
some part of the body is higher and the heat loss is consequently greater 


37. Meeh: Ztschr. f. Biol., 1879, xv, 425. 
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per square meter surface than it is in the average normal woman. For 
illustration, employing the factor 11.8 and calculating the heat produc- 
tion per square meter surface for Case 1, we get 32.5 calories instead of 
31.4 as given in the table. This would make the lowest of our results for 
the pregnant woman over 7 per cent. greater per unit of surface than for 
the average of the eight normal women. We cannot commit ourselves to 
this conclusion quite without reserve, for the reason that the individual 
variation among the normal women, as well as among the pregnant 
women, is more than 7 per cent. It is possible that this same woman 
(Case 1) under identically the same outward circumstances would have 
produced in sexual rest as much energy per unit of surface as she did in 
pregnancy. The evidence, as far as it goes, taking averages in both sets 
of observations, however, supports the general conclusion stated above. 
If this conclusion should be confirmed by other observations it would be 
necessary to suppose that the energy production in the child just before it 
is born is enough greater to more than offset the dead weight of liquor 
amnii, ete., which take no part in the metabolism, or else that the extra 
heat loss is due to the greater vascularity of the organs contained in the 
abdomen, to the thinness of the abdominal wall—the extra good conduc- 
tion, in short, from uterus to the outside world. It is scarcely conceivable 
that any other part of the body can play any important rdle in the greater 
loss. But several points in this connection must wait for further data. 
The metabolism after delivery when calculated per unit of surface is 
likewise, of course, higher than that of the woman in sexual rest. In 
Case 1 it is 4.6 per cent. ; in Case 2, 19.1 per cent. ; in Case 3, 5.2 per cent. 
(or employing the figure 34.7 given in the note at the bottom of the table, 
ee 


14.5 per cent.). The average is 9.6 per cent. at least or 12.7 per cent. at 


most. The difference on the basis of weight was 11 per cent. 


Calculated per unit of surface and per unit of weight the increase 
appears to be about the same. This again is a mere coincidence, for the 


average weight of the puerperient woman was 53 kg. while that of the 


| 


women in sexual rest was only 50 kg., a difference which, as just seen, 


would accentuate the higher metabolism per unit of surface in the puer- 


perium. Reasoning similar to that employed for the pregnant woman 
would lead us to the conclusion that this higher metabolism is a specific 
one, for it is scarcely possible that the skin surface is 9 per cent. greater 
than that of the normal woman. 

An interesting side-light on the metabolism of the newly delivered 


and nursing woman is obtained from the thermal quotients. 


THERMAL QUOTIENTS 


Inspection of Table 7 shows that the amount of carbon dioxid elimi- 
nated per unit of surface is higher for two of the pregnant women than it 
is for normal women and for the other it is just the same. On the other 
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and, for two of the puerperient women the amount of carbon dioxid 


s lower than for normal women and for the other it is the same. The 
olumn for the oxygen absorption shows that the amount for pregnant 
vomen is uniformly higher than for normal women, while for the puer- 


it is the same in two cases and higher in the other. 


onsidered in relation 


Thes irisons have little meaning unless 


the heat production. In the last columns of this same table are shown 
cal ioxid and the oxygen thermal quotients—that is, the number 
grams carbon dioxid given off and of oxygen absorbed in the pro- 
uction of every 100 calories of energy. Here it is seen that the oxygen 


ibsorption for two of the pregnant women is quite normal while for the 


rd it is somewhat lower. For the puerperient women the oxvgen 
or} distinctly lower than normal in all of the cases. If these 


ures are borne out in the future we shall be led to the belief that heat 


eing produced in the latter condition by some other process than that 


The carbon dioxid thermal quotient is below that of the normal women 
all cases, both in the pregnant condition and after delivery. This is 
lily explained by the higher respiratory quotient in the normal women 
n turn is to be explained by the presence of more 


} 


carbohydrate in the diet. Similarly the iower carbon dioxid thermal 


tient for the newlv delivered woman is due to the difference in food- 


fs burning 
{ETABOLISM 1 UNIT AREA OF SURFACE IN THE CHILD 
Ve do not feel disposed to draw eeping « lusions as to the bearing 
( dete nations on the metabolis er unit of surface of the chi 


to s 1 higher metabolism per unit of surface in children than in 

experiments of Rubner and Heubner 4. and especial! 

! nt experiments <¢ Ne ossmann?*- na s cO-wo s ol 

fants, tend to confirm the idea that the metabolism of the voung is not 
her except in so far as the surface is greater. 

Our experiments show a heat production per square meter of surface 


for the child than for a woman in sexual rest in Cases ? 


38. Cf. Benedict The Influence of Inanition on Metabolism, p. 504 


9. Sondén and Tigerstedt: Skandin. Arch. f. Physiol., 1895, vi, 53 


40. Magnus-Levy and Falk Arch. f. Anat. u. Physiol., Supplement Bd., 1899 


$1. Rubner and Heubner Ztschr. f. exper. Path. u. Therap., 1905, i, 1 


42. Schlossmann, Oppenheimer and Murschhauser: Biochem. Ztschr 1908, 


iv, 385. Schlossmann and Murschhauser, Ibid., 1909, xviii, 499. 
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3. The energy metabolism of the new-born child expressed per unit 
of weight and found by subtracting the metabolism of mother alone from 
that of mother and child together, is two and a half times that of the 
mother. Expressed per unit of surface (same formula) the energy 
metabolism of the new-born child is not greater than that of the nursing 
mother, but is higher than that of a woman in complete sexual rest. 

In conclusion we wish to express our sincere thanks to Dr. F. G. Benedict, 
director of this laboratory, for placing at our disposal a considerable part of the 
laboratory staff for this work, and for many helpful suggestions during its 
progress 





THE AMEBOID ACTIVITY OF MEGALOBLASTS 


WILLIAM SYDNEY THAYER, M.D 
BALTIMORE 


In the study of the blood and blood-forming organs so much attention 

is been given to methods of fixation and staining that the careful exam- 

on of the fresh specimen or tissue is too often neglected. Certain 

ological characteristics of the cells, such, for instance, as ameboid activ- 
ity, may easily be overlooked. 

In the study of the blood of a case of Addisonian anemia of a chro 
course, I have observed characteristic ameboid movements in a megalo- 
blast. Phylogenetically, it is not remarkable that a megaloblast should 
possess the powers of ameboid activity; indeed, one might expect that 
d be so. Inasmuch, however, as the present observation is appa- 


rently the first of this nature, it would appear to be worthy of record. 


History.—R., aged 39, a patient of Dr. G. A. Hartman, consulted me on 


Sept. 27, 1905. His family, personal history and habits were excellent. Two 
years previously he had had several “spells” of faintness which occurred about a 
week apart. These were associated with a slight feeling of confusion. He never 
actually fell, the attacks lasting but a minute. Shortly after this, his ankles 
and legs began to swell. He became more and more short of breath after 


‘ 


exertion. There were periods of diarrhea; no blood in the stools. Somewhat 
over two months before consulting me he had been obliged to give up work on 
account of great weakness and diarrhea. 

Physical Examination.—The patient was a rather sparely nourished man, 
with marked yellowish pallor of the face, lips and mucous membranes; conjunc 
tive were subicteric; slight arcus senilis. Pulse in the recumbent posture 
28 to the quarter. There was nothing remarkable on examination of the 
lungs or the heart, except a soft systolic murmur heard all over the cardiac area 
in the recumbent posture, which almost disappeared at the apex in the erect 
posture. The abdomen was a little full. Hepatic flatness began at the sixth ril 


bove, border palpable 2 to 3 em. below the costal margin in the mammillary 


a 

line. In the median line, by percussion, it extended to a point about 5 cm. above 

the umbilicus. The spleen was palpable; knee-jerks active; deep reflexes in the 

arms very lively. On the left side there was a distinct ankle-clonus. Sensation 

appeared to be good in the legs, both of which were bandaged because of edema 
Blood: Fresh specimen showed a very marked poikilocytosis; numerous very 

large elements: color of the individual corpuscles apparently good Leukocytes 


were scanty, the proportion of whites to reds being apparently rather high 


Red blood cells 1.464.000 
White blood cells L000 
Hemoglobin 30 to 35 per cent 


A differential count of the leukocytes showed 


Polymorphonuclears 71.9 
Small mononuclears 17 

Large mononuclears 18 
E sinophils 3) 


Myelocytes 1G 
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17 the winter whic’ had exhausted him greatly, obliging 
him to give up work rhere had been a slight purpurie eruption on his legs; 
three weeks previously, nose-bleed. There was marked pallor, slightly subicteric; 
pulse of rather low pressure, rapid at the beginning of examination; slight 


protodiastolic gallop at 


the apex; a soft systolic murmur all over the cardiac 
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THE FUNCTION OF THE SINO-AURICULAR NODE * 


ALFRED E. COHN, M.D., Aanp LEO KESSEL, M.D. 


NEW YORK 


Since the time Keith and Flack' (April, 1907) described and Koch? 
substantiated the presence and site of the sino-auricular node in the 
mammalian heart no experiments dealing with the physiology of this 
node have been attempted.* The earlier experiments which busied them- 
selves with this subject were those of Langendorff and Lehmann‘ in 1906, 
Erlanger and Blackman® in 1907, and Hering*® in 1907 and 1909. We 
desire to give a brief report of some experiments that have been carried 
on during the course of the past winter. 

It will be remembered that the so-called sino-auricular node has its 
location at the point where the superior vena cava enters the right auricle 
and is found just to the right of the right extremity of the right auricular 
appendix, and near its upper border. It is a structure of small size, 
roughly from 10 to 15 mm. long, 1 to 3 centimeters according to Koch? 
and about one-third as wide. It lies directly under the pericardium. It 
is easily differentiated from the surrounding auricular muscle, with which 
it freely communicates, and resembles closely the now familiar structure 
e auriculoventricular node. Its relation to a moderately large vessel 


and its close proximity to nerve structures has been dwelt on elsewhere 





* From the Pathological Laboratory of the College of Physicians and Surgeons, 
Columbia University. 

1. Keith and Flack: The Form and Nature of the Muscular Connections 
between the Primary Divisions of the Vertebrate Heart. Jour. Anat. and Physiol., 
1907, xli, 172. 

2. Koch, W.: Ueber die Struktur des oberen Cavatrichters und seine Bezie 
hungen zum Pulsus irregularis perpetuus. Deutsch. med. Wehnschr., 1909, No. 
10: Weitere Mitteilungen iiber den Sinus-Knoten des Herzens. Verhandl. Deutsch. 
path Gesellsch., 1909, p- 85. 

3. Hering’s discussion of stimulus production (Miinchen. med. Wehnschr., 


1909, lvi, 845) gives neither curves nor the facts of technic or results, and details 


‘ periments 

4. Langendorff, O., and Lehmann, C.: Der Versuch von Stannius am Warm- 
bluterherzen, Arch. f. d. ges. Physiol. (Pfliiger’s), 1906, exii, 352. 

5. Erlanger, J., and Blackman, J. R.: A Study of Relative Rhythmicity and 


Conductivity in Various Regions of the Auricles of the Mammalian Heart. Am. 


Jour. Physiol., 1907, xix, 124. 


6. Hering, H. | Ueber die Automatie des Siiugethierherzens. Arch. f. d. 
ges. Physiol Pfliiger’s), 1907, exvi, 143; Ueber den normalen Ausgangspunkt 
ler Herztiitigkeit und seine Aenderung unter pathologischen Umstiinden, Miin 


en. med. Wehnsechr., 1909, Ivi, 845. 
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(Koch, Keith and Mackenzie’). The connections between the sino-auric- 
ular and the auriculoventricular node which Thorel* claims to have seen 
have been emphatically denied by Keith and Mackenzie,’ Koch, Aschoff,° 
and Ménckeberg.’® One of us has examined carefully several human, dog, 
monkey and rat hearts, without being able to observe this connection. 
Langendorff and Lehmann were inspired to do experiments at the site 
of the entrance of the superior vena cava, at a time when a differentiated 
nodal structure was unknown, by the cooling and warming experiments 
which H. Adam™ had performed and in which prompt response in rate 
of the heart to changes of temperature had been observed. Adam had 
found that the only portion he could so influence was that between the 
entrances of the superior and the inferior vena cava, especially that nearer 


1 
} 


the latter. Langendorff and Lehmann, working with excised rabbits’ 
hearts perfused with Locke’s solution, cut away with scissors portions of 
the right auricle. Exactly which portions they excised is not mentioned, 
though it was their intention to excise the sinus. The result of their 
experiments was, briefly, that after excision the heart ceased to beat for 


variable lengths of time, after which only the ventricles again took up 
their activity, but at a very much slower rate. The auricles never beat 
again. ‘The stoppage was averted when the fluid employed in the per 
fusion contained defibrinated blood. 

Erlanger and Blackman® took up the work where Langendorff and 
Lehmann left it. They worked with perfused rabbits’ hearts. Their 
technic made the excision of definite amounts of tissue impossible; and 
they state (p. i133) that the amount varied in different experiments. It 

ay be that just these differences, as we hope our experiments may show, 
caused the differences in the results at which they arrived. Unlike Lan 
gendorff and Lehmann, they performed experiments in which the auricles 
did not go into asystole, but continued to contract after operative inter 
ference. In this particular our experiments agree. Furthermore, the 


} 


‘ound that several of these hearts did not stop after the excision. either 


7. Keith, Arthur, and Mackenzie, Ivy: Recent Researches on the Anatomy of 
the Heart. Lancet, London, 1910, i, 101-103. 

8. Thorel, Charles: Nachweis von sogenannten Reitungsfasern an: der 
Vorhofkavagrenze, Miinchen. med. Wehnschr., 1900, 890; Vorliufige Mitteilung 
iiber eine besondere Muskelverbindung zwischen der Cava superior und dem 
Hisschen Bundel; Miinchen. med. Wehnschr., 1909, Ivi, 2159; Ueber den Aufbau 
des Sinusknotens und seine Verbindung mit der Cava superior und den Wencke 
bachschen Bundeln; Miinchen. med. Wehnschr., 1910, Ivii, 183 

9. Aschoff, L.: Die Herzstérungen in ihrer Beziehung zu den spezifischen 


Muskelsystemen des Herzens, Centralbl. f. allg. Path. u. path. Anat., 1910, xxi, 
434. 


10. Mineckeberg, J. G.: Beitriige zur normalen und pathologischen Anatomie 
des Herzens, Centralbl. f. allg. Path. u. path. Anat., 1910, p. 437 

ll. Adam, H.: Experimentelle Untersuchungen iiber den Ausgangspunkt der 
automatischen Herzreize beim Warmbluter, Arch. f. d. ges. Physiol Piliiger’s), 


1906, iii, 607. 
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excised hearts 0 small dogs, whl ad 
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incisions 1, 2, 3 (figured in the diagram) were mad und additional pieces 
of curve written. Finally incision 4 co! nleted the excision of the sinu 


ring area After incisions 1, 2, 9. the hear 
1 8.4 contractions in two, to 


s beat for the most part at 


an accelerated speed, varying from 6.75 al 
After incision 4, the hearts stopped 


d 50 in others. 
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entirely for periods varying from 7 to 92 seconds. Then the rate gradu- 
ally, but rather rapidly, quickened and remained at an approximate! 
fixed speed, always much slower than before the incisions, for the remain 


der of the experiment. It happened only once that the auricle ceased 
permanently to contract after the excision of the node-bearing area. Ir 





some experil ents, the aur ular systole prece ded the ventri ular, in others 
] ! ] 


the reverse took place. in still others they beat simultaneously. Ws 


cannot conclude from our experiments that a definite anatomical site 


takes up the pace-making function for the entire heart as a substitute for 
the sino-auricular node after the sino-auricular node is excised. If vari 


ous portions of the heart possess this automat power. as Keith! and 


i 


Md 


SMC. 





_ 
t / S 
Diagram of incisions S. V. C., superior vena cava; R. A., right aurick 
R. A. A., right appendix auricule; 1, 2, 3, 4, incisions 
E1 anger thought, sometimes one and sometimes another steps in for the 
] > ‘ ; } = ] 
usual dominating area, which, if we may conclude from the uniformly 
slower rate after its excision, resides normally in the sino-auricular node 
* The conclusion is not justified from our experiments that sir 


incisions cause a stoppage of the whole heart (as Hering states), and t 
phenomena subsequently noted. We have shown that excision is nece 
sary to produce this result. We are led to conclude, therefore, from ow 
experiments that, as has long been supposed, and as former experiments 
have seemed to indicate, normal impulse formation takes place and 


normal rate is produced in the sino-auricular node 


Received for publication, Aug. 12, 1910 








STUDIES ON THE BIOLOGY OF AND IMMUNITY AGAINST 
THE BACILLUS OF LEPROSY 


WITH A CONSIDERATION OF THE POSSIBILITY OF SPECIFIC TREATMENT 


AND PROPHYLAXIS * 


CHARLES W. DUVAL, M.D., anp FRASER B. GURD, M.D. 
NEW ORLEANS 


Since an earlier communication’ on the cultivation of Bacillus lepra 
and the experimental production of leprosy by one of us (Duval) consid- 
erable light has been thrown on further study into the biology of the 
organism, especially with regard to its pathogenicity and viability, prop- 
erties little understood prior to the cultivation of the bacillus. In the 
present paper we propose to give briefly our researches in this particular 
phase of the subject together with the results of our studies in immunity. 

Soon after the cultivation of the specific organism the possibility of 
a serum therapy for the treatment of leprosy presented itself, and with 
this in view we set about to study the blood of lepers in the hope that 
something might accrue which would aid in subsequent work on the 
artificial production of an immune serum. Before beginning the work 


along this line it was thought advisable first to determine whether in 


eases of human leprosy specific antibodies are present, and if so, to find 


out as far as possible their nature and the mechanism of production. 


PATHOGENICITY 

Heretofore our attempts to infect or produce lesions in animals other 
than the Japanese dancing mouse have been unsuccessful; but of late 
we have succeeded in producing the lesion in white mice and monkeys, not 
only with the infested tissue from human leprosy, but with cultures. On 
strain of 2. leprw in particular readily gives rise to fatal infection in 
the white mouse. The success with this strain has led us to test again 
the infectibility for the white mouse of four strains isolated more than 


a year ago. To our surprise, one of these (Culture II), with which 


we failed in former experiments to infect the white mouse, now proves 
infectious after more than fourteen months under cultivation, producing 
multiple lesions following intraperitoneal injection. The failure before 


*From the Laboratories of Pathology, Tulane University, New Orleans. 

1. Duval, C. W.: The Cultivation of the Leprosy Bacillus and the Experimental 
Production of Leprosy in the Japanese Dancing Mouse, Jour. Exper. Med., 1910, 
xii, 649. 
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to infect this species must be attributed to some error, for it cannot be 
conceived that a culture would alter in this particular feature under con- 
ditions of artificial cultivation. One is led to infer, however, from the 
present behavior of the culture, that the infectivity of some strains of 
B. lepre, at least, are not appreciably altered by a year’s sojourn outside 
of the animal body. It may be stated that not all strains are capable of 
infecting either dancing or white mice. 

Thus far the experimental work would indicate that there is a consid- 
erable range in infectibility for cultures with respect to these animals; 
and the same is true for the bacilli used directly from the human tissues. 
An illustration of this variation has been observed in a rather remarkable 
stem that was recently isolated from the necrotic tissues of an acute case 
of human leprosy which had developed numerous soft subcutaneous lep- 
rous masses and had had repeated attacks of leprous fever. The initial 
growth resulted directly from bits of the transferred necrotic material 
on tryptophan agar. The acid-fast bacilli in the necrotic tissue were in 
enormous numbers and uncontaminated by other organisms as was sub- 
sequently proved by cultural tests. 

A series of animals including four each of rats and white and 
Japanese dancing mice were inoculated, some subcutaneously and others 
intraperitoneally, with small quantities of the grumous material (0.5 c.c. 
emulsified in 1 c.c. of normal saline solution). The two white mice which 
received intraperitoneal injection died fourteen days after the inocula- 
tion. At autopsy both showed a general infection of the peritoneum with 
a pure growth of B. leprae, while the mesentery, omentum, visceral and 
parietal peritoneum contained numerous minute, firm grayish white nod- 
ules that on microscopic section proved to be typical leprous lesions. The 
most surprising feature was the occurrence of a slightly turbid semigelat- 
inous peritoneal exudate which microscopically consisted almost entirely 
of large mononucleated cells (macrophages). Great numbers of these 
cells were filled with acid-fast bacilli, and scarcely any were found that 
did not contain a few. A pure culture of B. lepre was recovered from 
the exudate on a variety of special media, including tryptophan and 
glycerinated blood-agar. 

The ability of B. leprae to cause a fatal infection in so short a period, 
and to induce the production of a peritoneal exudate is a new role for 
the organism in our experience with the eight stems now under cultiva- 
tion. At first we were inclined to believe that death in the case of these 
animals had resulted from the liberation of large quantities of toxins 
introduced with the necrotic material and augmented by the liberation 
of more toxic bodies due to lytic action on the injected bacilli. This 
hypothesis, however, is hardly tenable if we consider the le neth of time 
that elapsed between the inoculation and death of the animal (fourteen 
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growth would not occur at 37 C. We wish 


strains then under cultivation 
to correct this statement, as recent work with cultures shows that mul- 
tiplication does occur at body temperature, though the best growth is 
obtained at from 32 to 35 C 

In our experience cultures w withstand hig! 


ae 
] 


ture and for a longer period of time than any of the better-known a id- 


er degrees of tempera- 


ist bacilli, growth resulting after heating the bacilli for thirty minutes 
at 70 C. or at 65 C. for one hour. Heating at these temperatures appar- 


ently does not alter the infectivity of the bacilli for mice. Whether the 
organism’s resistance to high temperature is due to its fatty envelope, 


as in the case of the tubercle ba us, or 10 spores, 1S still undete rmined. 


We do not doubt that the fatty substance in and about the org 


lerate degrees of heat, but this in 


nism pro- 

tects 1t to a certain extent against mot 

itself would not explain the resistance shown by some cultures. These 

gher resistant cultures possess “clear spaces” and deeply staining bod- 
. 


es within the bacilli, which in many respects are morphologically similar 


to the ordinary bacterial spore. That certain cultures of B. leprae, more 
especially those containing tl “clear spaces.” resist higher tempera- 


tures than cultures that do not contain them, has been repeatedly demon- 


i 


strated | is. The true nature of these bodies is, however, still problem- 


atic and work is now in progress to determine whether or not B. lenra 


CULTIVATION 


The initial growth of B. lepra from the human tissue on an artificial 
medium is in all cases obtained with considerable difficulty. The bacilli 
} 7 ] ! 


utside of the animal body multiply more slowly in the initial trans- 


plants than do bovine tubercle bacilli, and it is necessary to transfer large 
quantities of the macerated tissue to the culture medium unless amino 
acids al sed in order to insure growth, which at best is feeble and not 
visible 1 scopically before several weeks. Again, transplantation of 
large 1 rs of bacilli from the tissues is necessary, because not one- 
third of the planted bacilli will multiply. The rods do not differ in = 

and s e from the parent organisms and grow in dense clusters, whic] 
are bi n up with great difficult In some instances, multiplication 


n be elerated by rubbing up the bits of transplanted tissue after th 
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Once B. leprae has started to grow rapidly, special media such as tryp 


ilture now does well on any 


I 
tophan, cystein, etc., are not essential. The « 
neutral or slightly alkaline medium of human or rabbit blood-agar and 


glycerinated serum-agars. 

Attempts have been made to cultivate the lepra bacilli from nasal 
secretions in cases in which large numbers of them are found in the serous 
discharge, and even though they may be contaminated with other bacteria, 
growth has resulted in two out of five cases in which we have attempted 
it. The contaminating bacteria, provided there are no spore-bearing 
varieties present, may be first eliminated by suspending some of the 
infested secretion in saline solution and heating the suspension at 60 C. 
for thirty minutes. It is much more difficult to obtain cultures of B. 
lepre from nasal discharges than from the tissues, because in the latter, 
bits of tissue are unavoidably carried over in the transplants, which serve 
as pabulum for the culture until growth is well started. The same, of 
course, holds true for other acid-fast species, more especially the tubercle 
bacillus, whose initial cultivation in many respects is attended with the 
same difficulties as that of the lepra bacillus. 

In a previous paper’ on the cultivation of B. lepra it was stated that 
the morphology of the bacillus under artificial growth conditions corre- 
sponded closely with that of the organism found in the tissues. This in 
the main is true, but as two of the original four strains studied have 
recently undergone a marked change in size, shape and manner of 
arrangement, we feel that much is yet to be said on the variation in mor 
phology for artificially grown lepra bacilli. 

The organisms, when freshly isolated from the animal tissues, are 


slightly curved and distinctly beaded, a feature that is constant for all 
early cultures, no matter on what medium they are grown. In some of 
the older cultures, however, those many generations removed from the 
parent stem, the bacilli undergo a decided change in size, shape and man- 


ner of their arrangement. Not only is the growth more rapid, which 


naturally would be expected, but the arrangement of the bacilli is dinlo 
cillary, the individual organisms resembling in size the young forms of 
° ? 


bovine tubercle bacilli. The differs nce Ss sO marke l that on m pho- 


ogical appearance alone it is quite easy to determine cultures of recent 
isolation from those that are many generations removed from the animal 
dy. In the first dozen or so subplants from the parent stem the bacilli 
invariably grow in felt-like masses of slightly curved, slender, beaded 
rods, while in cultures which are many generations removed they grow 
diffusely over the medium and occur in pairs of short, ovoid, plump rods 
This diplobacillarvy arrangement of egg-shaped rods is a « t 
feature for the older cultures. In the examination of stained mic 


scopic preparations it is difficult to find single bacilli or clusters of more 


than two pairs. If such a preparation is stained bv anv of the ordinarv 


} 
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T rh this transformation indicates that a given lepra culture is 


rapid rrowing and has become accustomed to a saprophytic existence 


it is no criterion that the organism has lost its virulence. The same num- 
er li produce lesions in animals as quickly as they did when . 
recent solated It is noteworthy in this connection that the bacilli 
passed t igh the animal body again become long slender “beaded” rods 
without a suggestion of pairing, and their recovery from the animal on 
t medium is accompanied with the same difficulty as in t ise 
n tissue, growing at first slowly and only on gs} il media 
taining reaction of the diplo-forms with respect ¢ id-fastness 
| I t the retain more tena yusly t il l sin 
dye than formerly, since they take the stain more intensely and resist fi 
a longer period the decolorizing agents. This form of B. lepre mult 
plies rapidly on a variety of media, good growth occurring in forty-eight 
hours aft neubation at 32 C. or 37 ¢ Che culture gives the luxuriant 
g n to other bacteria that divide as rapik and reaches its 
max vt nt ee days These older icTlV rowll cultures 
sti n t r viruler for white and dancing mi . 
In Itures, especia W row has attained 1X1 
man the diplo-forms of B. leprae undergo still another change in mor- 
nhol Occasionally in a en culture a great number of the bacill 
w pindle-shaped rods with swollen centers. This central 
bulgir t ppears as an oval cl space with the chromatin dense] 
mass th poles. These cultures, when heat t 70 ¢ thirt 
minutes, are still capable of reproduction. In two of our older cultures 
this central bulging with t rmation of egg-shaped central bodies ha 
repeat urred. Just what factors determine sporulation (assuming 
that these spaces represent spores) we have not been able to determin: 
nut tror inalo 1 the Same f tors ft if nfl lence pore-rormation 
well-known bacteria do not seem to apply to B re, as not all cultures 
under ivorable conditi temperatur te.. for clear 
- 
snace S mation with PB rht int successft 
enlt ’ f heating at 60 ¢ n t eas rt tube le bacill 
t! ! n e always has t t t ul wl I t f 
ma nt otect the org n nst moderate degrees of heat 
In the tures that change in morphology the transformation 
ea ed. From the granular substance wit the bacilli that are 
light tained and distinctly beaded 1 masses develop. The cl 
mati! t nt bacilli seems to undergo amitotic division into two 
jua rts, W lie end t nd in the long diameter of the organisn 
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These chromatin masses become mor¢ and more defi! f n Outilhe ntl 


bia will 


two well-formed, deeply staining Oval bodles appear in the parent cell 


The old cell membrane then undergoes metamorphosis, freeing the pair 
of oval bodies as a diplobacillus. All forms, from small irregular masses 
of chromatin to perfect diploid bodies, can be seen in a single field of a 
. preparation of B. leprae. There is no mistaking the manner of repro 
; duction of the bacilli during this period of transformation. As n as 
: the culture has lost all its long beaded forms, however, reproduction then 
: ccurs by simple fission. In stained preparations from cultures unde 
j going this transformation the contrast in density of coloring between 
4 the old slender beaded rods and the new oval forms is very striking: the 
{ new forms always take the carbol-fuchsin stain more deepl1 
sequence decolorize with more difficulty. 
Under some conditions, more especially when the organisms are 
crown in an acid medium or when they are associated with a too profuse 
crowth of symbiotic bacteria, the diplobacillarvy forms undergo stil 
inother change in which one organism in a pair w SW | twice 
size of its fellow and become distinctly S} indle-shaped : or bot! rganisms 
a pair will simultaneously show the same alteration, forming nceet 
d that are pointed at the distal and flattened at the proxi ls ving 
rise to the appearance of certain rms of pseudo-diphthe1 (B 
mant) hese so-called “inv tion fe 2 { { 
eight hours when conditions are unfavorable. In old cultures in which 
growth has ceased, however, they may be kept for months without show- 
ng any change in the size and shape of the bacilli. The quest 
the administration of different amino-acids, as well as the direct and 
ndirect supply of oxvgen influence the growth « rasit ! 3 
being studied by one of us (Duval) in col ration wit ry. Gusta 
Mann. 
IMMUNITY 
Following the cultivation of B { ! s 1 
n to the possibility of producing ar { , 
ht be ma ise of in the treat t e ¢ Si In t . t 
* efforts have been directed ng t distiz ( | ts suff ng 
ron the dis Ls were Ine u T I Tainiy ( 
u and their toxins; and ar ( I t irg 
es of culture in the hoy ( S 
which might be used in the passive immunizat ns 
ddition an effort is been made to ice t | ence : 
n the blood from patients suff g m the disease. By mea : 
qualitative and quantitative tests it was d that s tantia 
evidence, at least, might be adduced wl wou suggest 
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, ‘ , : oes : 7 
: mination four bé were looked ior, namely, specil 
itinins and ops ns uinst the leprosy ba s and 
, . } 
complement content trom the norma! and in patients 
he disease at its different stages and types. At present 
1 ¢ Y T ] 7 nad } ntor nt ) 
| eport o thie nt i ar ocente 
s s from ] s of « ent typ It has n det 
! ement content « s not differ from that in 
ain sheabla avten? + does + r » done af 4 
r alt ition e 4 tit of thie } ryt \ 
ry y y ’ ? \\ Yr) 
t 210on oO T ~ 1? 
T if since cor emer! ~ PSE t n ( T S I s in 
tities will pro the utmost importa n the 
:, mals which wi tain ch an or content 
f S rir 
rt S tv as wi the quantit f the ambocepto 
were 1 rst. a suspe! n in saline solution of cu 
canis n , ; nto rn nediun ind sx . 
) ( i! onsisting oO ] to! ns r yids 
human heart ali ol and ether was « loved O 
. @ ims iteen were m cases ( 1 ( liar 1 es Ol 
el m anesthetic and six from the so-called ed typ 
] , 1 ¢ 1 wnm ] j 
( 1 cases owed We narked and unmistakab evi- 
ty of the disease, few could be class l as advanced 
n others which will be referred to later there had existed a 
? , } ; ; ] f ] 
clinicians mind as the actual presence of the disease 1n 


s last group of cases failed to 
We wish to note here that it 
drawn to the absen sy 


d in reading the results se ( 
n which at least three quantiti 


ed weakly positive ( ) 


ul ( - +) only one qu 
the 
Table 1 


and 


results obtained 


will be considered. 


As is seen from Table 
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show t} e 
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ec antipo s st m 
ises marked ( ) renre 
s of complement are bound 
at least two, and in those 


is fixed. Before proceeding 


their significance as inter- 
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TABLE | RESULTS OF COMPLEMENT FIXATION TESTS witH LeEpROoUS SERUMS 





l. Tubercular early 

2. Anesthetic 

3 Anesthetic 

! Lubercular 

5. Mixed 

6. Mixed 

7. Tubercular 

8. Tuberecular 

9. Tubercular 

10. Mixed 

ll. Mixed 

12. Tubercular 

13. Anesthetic 

14. Anesthetic 

15. Tubereular 

16. Tubereular 

17. Tubereulat 

18. Mixed 

19. Tubercular 

20. Tubereular 

21 Mixed 

22. Tubercular 

23. Tubercular 

: : 
I 
In this table several interesting points are n n the st place 

| but thre ises show bodies capable of combinin with and 1 
complement iz e presence of leprosy bacilli and in thirteen cases this 
binding power is well marked. Of the serums giving mplete reactior 
vith the ba ill give a similar reaction in the presence of phosphat 
containing lipoid substances; and all giving negative results with the 


organisms 


are also negative with the phosphatids as an antigen. When 


the second part of the table is examined, seventeen cases are seen to pos- 
sess a marked binding power, and eight give negative results. In all 
instances cases showing no complement-binding power in the presence 

the lipoids have been found to possess either little or ::one when th 
ba ry emulsion was employed 

lo control the reactions with the | a ms sin reactions 
were carried out with the blood from patie er than lepers, and at 
first a most astonis] Ing result was obtained, the sion ficance of which 
was not at first understood. As controls, serums collected for diagnosis 


by the Wassermann reaction were utilized, and it was found that a large 
number of these gave positive results with the bacillary suspension. It 
was found in the first ten serums tested that six gave a marked binding 
and two a weak reaction, only two failing to fix any complement whatever. 
This result was unlooked for, and seemed to upset any inferences whicn 


might have been drawn from the results of reactions with serums from 


leprous individuals. It is further noted, however, that of those cases 
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f1X1I ( ent in the presence « eprosv bacilli a g ' | 
\\ ser! n! tion and ar nd té : it cases, W ne i 
tabet rave ( Wassermann reactio1 
TABLE 2 RESULTS OF COMPLEMENT FIXATION IN SERUMS FROM CASES OTHER 
ruaAN LepROUS 
Leprosy Lipoids : 
~ ‘3 
‘) 1111s bj 
’ ly ; 
. N ret ic 
‘ 
; Labe i 
4 Qer ilis | 
6. Svp is 4 
7. Normal 
8. Syphilis 
%. Syphilis 
lO. Syp ilis 
15. Syphil 
16. Svwphilis 
17. Syphil t 
1k Sw ilis - 1. 1 4 
I 
19. Swphilis . 
70. Syphi treatment + 
21. Non-luetix 
yy 4 Norma 4 
23. Syphilis 
t+. Syphilis 
5. Non-lueti 
26. Primat 
7. Syphilis : 
28. Syphilis treated 
a) Norn i] 
30. Normal 
Of t ! leprous patients failing t ve anv reaction wit ther 
nt n, t (Numbers 13 and 27) are in duals whose history show 
that the d . is been present for twenty or twentv-five vears and in 
1 or ! I ears past no progresslo!r f the diss 1S 1S not } 
) f ler } } 
Be re ( m macular or tubs : lesions and are d n 
é oO! ly ecause the ray S the disease dur ng the 
stac have Suite | In So oTreat a def I that t wou d be SSID 
— natients to go about amo! anwial vithout being nak te 
ritic e other patient (No. 7) is a young man in whom all 
evider of leprosy has disappeared t ne from as re t 
( ous int t I Of the cases Givi! the ikest reaction ill s ve 
ttle f al eviden of active dise 1<¢ 
Re ted ts prove amply that the suspens of lepros sed 
Mosses ly rire ant complementa T rs T er t t g 
here re therefore. but one appare! explanation r¢ pheno 
enon ( ross tion between svp ‘ nd lenrous patients ‘ 
ipoid bodies nd the lenrosv bacil s ant ' Whateve 4 
se of 1 en non producing tibodies against } tids in 
the hlood y)} tic patients + zs annarent ft t + eas ; = 1) 
4 
‘i 








DUVAL—I 


NW 





, 

~ a - 
> | 
i) , 

~ 

7 >) 

é a 








fatt 


; 









































242 THE ARCHIVES OF INTERNAL MEDICINE 


1 2 per cent. phenol solution for forty-eight hours. The material was 
then diluted to six times its volume and used in this manner 

The human cases in which we used the inoculations consisted of mod- 
erately advanced tubercular or mixed types together with one long-stand- 
ng anesthet se. On the occasion of the first inoculation, doses vary- 
ing from 0.1 to 0.25 e.c. were used, being given either into the true skin 
or I I tanet Ss TISs | \ Lhe rst 1dn nist tion i I 

tients, ¢ ( had re 0.2 reacted loca é enced 
by a smal I redness a nt I ition 

Or . 1 dose (Or r 29) the quantity injected was it sed 
to ? 25 to 4 ¢ t t The ( ment o rea mn l i! 

~ I t t ! i n n, the dos iving been arb 
tral ced our n n | We cann it present, I t on 
I elinite ess 1n e cl cal condition o in of these patients 

tity e said that no mful results have ensued. 

S 1\A y AND DISCUSSIO 

B eult lona riety of art il media, and ar 
ca 2 I retaining their infectibility for months under 
dverse c ns outside of the animal bod The ba can also be 
cultivated from contaminated leprous tissue and from the nasal discharge 
that has been kept at room temperature for more than a year. Remark- 


le as it may seem, it is nevertheless the case that contaminating micro- 


} 11 


organisms have no appreciable effect on the viability and infectivity of 


Pure cultures of B. leprae can be obtained directly from the infested 


eprous tissue on a variety of special media including tryptophan and 


elycerinated blood-agar without first growing them in the presence of 
imebas and their symbiotics. From two cases of leprosy we have culti- 
vat n 1 ( h the specific organism directly from tl] tissues on 


Novy-MeN rabbit blood-agar to which 1 per cent. glycerin had been 
added. As a rule, multiplication of B. lepre on artificial medium takes 
place slowh ut once the growth has started it can be readily accelerated 
vy frequent transplantation. 

At the present writing we have succeeded in cultivating B. leprae from 
the cutaneous nodules in eight cases of leprosy, two cases of nasal dis- 
harge, and from the experimental lesion in a number of mo 
white and Japanese dancing mice. That the cultures are leprosy bac 
and not some other acid-fast species, has been definitely proved by cul- 


tural and animal tests. 
The experimental study on the virulence and viability of leprosy 


bacilli shows the necessity of early diagnosis and the need of strict segre- 


ration of certain types of the disease. The length of time B. lepra w 
live and retain its infectiousness outside the bodv indicates plainlv th 
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¥ B. lepre to the human body is by way of the nasopharvnx. There is also 
: evidence to show from animal experiments that the bacilli mav gain 


entrance to the human body through breaks in the skin without giving 
: rise to lesions at the entrance site 
In the examination of blood from patients suffering from leprosv the 


{ ¢ 4: 


serum has been shown to contain specific antibodies of different kinds 


tein 


against certain constituents of the B. lepre. In addition to the presence 


of specific bodies, we have demonstrated that complement is present in 


Se meh Soh 


normal quantities. Agglutinins are present, though not in very large 


ee 


amounts. The opsonic content is probably affected at different stages of 
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the disease, but with reference to the activit f this body our researches 
have so far not proved conclusive. 

Specific amboceptors are undoubtedly present in comparatively large 
quantities In confirmation of the results of others we have found that 
i ‘ or iy = ‘ ‘ VUUICS are Nese i ‘ t Vid Ul eprous Atle i> 7) na- 


I pi 
ing complement with leprosy bacilli, but also substances capable of fixing 


this body in the presence of phosphatids prepared by the extraction of 
| 
human heart muscle. Not only has this phenomenon been constantly 


1 


present, but it has been demonstrated that the complement-binding power 


is as great in the presence of the lipoids as in the presence of the bacilli 


themselves. Thus serums fixing nine units of complement when treated 
ith a suspension of B. leprae are likewise found to be capable of fixing 


a similar quantity when the lecithin antigen is employed; in the same 


way serums fixing two units with one antigen have fixed two units with 


the other. That the reaction is quantitatively as well as qualitatively 
specific is shown by the fact that with few exceptions, even the delicate 
reaction depending on the fixation of only one complement unit, it has 
been equal with both materials as antigen 

On the other hand we have been unsuccessful in demonst o¢ the 
presence in leprous serums of specific amboceptors other than those com 


complement-binding power in t preset of the two antigens irac- 
teristic of leprous cases but it is also found in the serum from luetic 
individuals \pparently, then, the constituents of the leprosy bacillus 
against which the most active antibody is produced is the lipoid material 

Furthermore, we have been successful in extracting from the bacilli 
by means of ether and alcoho! fatt ubstances in comparatively large 
juantities, the greater portion of which is insoluble in acetone This 


icetone-insoluble content has bv analysis been found to contain phos- 
phorus, provil that it belon re to ¢ nhacnhatid cronn of fats. Sinee 


} i}? i 1} t } a ee ui} 


hemically the fatty material in th i is closely related to the 
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A BLOOD-CRISIS OCCURRING WITH PRIMARY SARCOMA OF 
THE STOMACH * 


LE ROY H. BRIGGS, M.D. 


OAKLAND, CAI 


The coincidence of two such interesting features as these in the same 


patient is unusual enough to warrant the case being reported somewhat 


4 


in detail. 


Patient An engineer, aged 39, was seen on Feb. 26, 1910. The family history 
and the patient’s past and personal history were negative. The habits of the 
patient were good 

Present Complaint.—Some eight months before, the patient noticed a belching 
of gas, sour or bitter, usually after meals. There was never any localized pain 
or any pain with reference to food, but rather a general abdominal distress 
“due to gas” relieved by belching or by pressure and massage over the epigas 
trium. The bowels had been obstinately constipated, requiring enemas to move 
them. The appetite had been good, but food causes distress on account of the 
belching and eructation following. Weakness had been progressive, and for the 
last month the patient had been almost constantly in bed. His weight, normally 
about 185, was now 130. Five months before examination he was under a physi- 
cian’s care, and with “dietary and silver nitrate treatment” gained considerable 
weight. Vomiting had occurred but twice; four months before admission, after 
a dietary indiscretion the patient immediately expelled the ingested food, and 
again, several days prior to entrance, he vomited dark, finely granular, semi 
liquid material. There had been no difficulty with swallowing and no regurgita- 
tion of food. There was no jaundice. Lately there had been some tenderness over 
the epigastrium., 

Examination (on admission).—The patient was a man of large frame, 
markedly emaciated and anemic. Head and face were negative; likewise the 


chest, save for a well-marked systolic murmur over the pulmonary area, and one 


of less intensity over the apex, neither transmitted Pulse 80, regular, full 
volume, with pressure of 95 mm. of Hg, and arteries not sclerotic. The abdomen 
as a whole was sunken, but there was a slight bulging visible on the left side, 
just below the costal margin; no rigidity \ hard tender mass, corresponding 
to the bulging, extended to within 5 cm. of the mid-line, and to 5 em. above the 
umbilical level. The upper and posterior borders of the spleen could be made 
out in their normal positions, but owing to tenderness it was impossible to say 
whether the mass was continuous with the spleen cr rot [he liver was enlarged 

wnward about two finger-breadths below the costal margin, and was smooth 
ind tender Ihe kidneys were not palpabl The genitalia were normal 
On inflating the colon, there was no change in the mass, and the tympany 


x<tended to, but not beyond, it Rectal examination was negative There was 


U'rir nd Feces The uring was clear 1015-20 cid no suear nor albumin 
with a trace of indican. Microscopically, an occasional leukocyte and sperma- 


tozoon. but 1 casts \ Cammida t n s not done The stools were 
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examined three times, with always the same findings: dark-colore 


l 


stool, very slight odor, no mucus, pus or fresh blood. Occult blood, 


positive. No ova or parasites Staining by Gram showed no 


bacilli. 
rhe Elsberg carcinoma reaction (the injection of washed hu 
cells under the skin) was negative 
} 


Owing to the extremely poor condition of the patient, the stom: 


not passed, nor was inflation don 


tarry 


247 


lid 


very strongly 


mi 


soas-Oppl 


i 


Blood: The pathology of the blood presented probably the most interesting 


phase of the present case, and the findings are here given in full 


unting 


was done as carefully as possible, at the same hour, with the same pipettes and 
chamber, and by the same observer In estimating the hemoglol he Dare 
instrument was used, the lowest reading of which is 10 per cent In instance 

was the percentage above that, and often below. However, the readings were all 
recorded as 10 per cent. on account of the uncertainty of a lower e The 
personal factor was eliminated here by having several different individuals make 


} } 


the readings each time. For the differentials, between 1,500 and 2,000 
the 


counted in every case, affording a fair basis for the calculation of 


red cells. Wright’s and Hasting’s stains were used The red cell 


central pallor, were as a rule of normal size and 


little poikilocytosis and anisocytosis Polychromatophilia and | 


shape and with 


erations were common, particularly in the earlier counts, becoming 


later as the nucleated reds increased. Platelets seemed about norn 
the classification of the nucleated reds Cell 
in which the nucleus was at least the usual size of a red cell, 7 to 


the cell body itself considerably larger. Normoblasts were those 


comp 


i 


x 


the 


s classed as megaloblasts 


as the normal cell and with a densely staining, sharply outlined nu 


mediate forms, those a trifle larger than the normoblasts, wit 





staining less densely and either fragmented, lobulated or underg 


} 
1 


nut 





s showed marked 


iratively 


degen 
marked 
irding 

e those 
ons, and 
Same s1ze 
inter 
nucleus 
mitosis, 


and the cell protoplasm in practically all, showing basophilic or polychromato 


philic degenerations. This class would therefore include the immature 


red cells of Howell 


BLOOD EXAMINATIONS 
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symptoms, the constipation and the position of the mass, especially with refer- 
ence to the inflated colon, a_ tentativ liagnosis of neoplasm of the splenic 
flexure of the colon was made 

lutopsy Thoracic cavity No fluid or adhesions Pericardium contained 
about 20 c.c. of clear finid Heart showed a slight dilatation and the muscle was 
flabby, soft and pale Lungs and pleure were normal 

Abdominal cavity This contained free gas of fecal odor The stomach, 
transverse lon, spleen, left kidne pancreas, omentum and numerous enlarged 
Ivymph-glands ere bound together in a dense mass and the wl e attached to 
the diaphragm and lateral abdominal wall on the left side. With the exception 
of the the individual organs could not be separated out \ perforation 
the size of a dollar had occurred on the anterior wall of the stomach, probably 
within forty-eight hours. but had been covered by liver, omentum and a thick, 
white exudate There were no evidences of peritonitis in the lower abdominal 
ivity 

The stomach was enlarged, 14 by 23 ec but both openings were clear The 





interior and posterior surfaces at the fundus were the seat of a wide-spread 
malignant infiltration This extended with a fairly clear edge of demarcation, 
to a point 9 em. above the greater curvature, and from the cardiac end 16 cm. 


toward the pylorie end At least one-half of the greater curvature was involved, 
but none of the lesser. The walls in this area were 2 to 4 cm. in thickness, fairly 
soft, and the mucous membrane shaggy and necrotic. Jeyond the lesion they were 
of normal thickness and appearance. The anterior wall was extremely necrotic, 
tearing with the slightest manipulation, while the posterior was much more 


ire There were numerous glands, varying from the size of a pea 


to that of a cherry. along both curvatures, in the omentum, mesocolon and 


mesentery \lmost the entire transverse colon was involved in the fibrous tissue 


ibout the stomach and at a point 8 em. from the splenic flexure the lumen was 


constricted to 1 em. in diameter by adhesions and the presence of a particularly 
enlarged gland in the mesocolon. Just proximal to this point, for about 10 em 
hac t} ‘colon was markedly dilated There was no involvement of the wall 
its 

he liver wed slight uniform enlargement 4 portion of t left lobe 
‘ ’ ne tomach perforation was covered with a flaky exudate and was 
necrotic on the surface On section the liver tissue was pale, but otherwise 
normal There were no metastases The gall-bladder was normal 


ne spleen was enlarge l 5 en , SOTt, 1ts anterior surface necrotic 


+} 





exudate vas normal. No metastases. The pancreas 
was densely bound to the posterior wall of the stomach and a portion of the tail 
was invol\ in the growth The kidnevs were normal The bone-marrow of 
the ribs and sternum was apparently unchanged, but unfortunately it was not 


examined histologically There were no metastases on any of the vertebra 


lissue taken from the advancing edge of the neoplasm, including part of the 


inattacked all, showed that the growt! vas undoubted] t sarcoma of the 
round-cell type Advance took place in the muscular layers, the fibers of which 
we first invaded, then disintegrated and finally entirely replaced. At the 
‘ wl was quite sharply defined, intact mucous membrane and submucosa 

| the growth for some distance bac even over portions where the other 
lavers were entirely gone Further ba these lavers were invaded and later 
replaced by the sarcomatous cells, so that not a vestige of the original structure 
ren l See illustration The cells themselves were approximately round 
and their diameter averaged a trifle less than twice that of a red-blood cell. The 
nucleus, oval or round, occupied the major portion of the cell and in the resting 
stage the reticulum was of fairly coarse mes} Cells in all steps of mitotic 
division were present, although far outnumbered by those in the resting stage. 


Intracellular substance was scanty. 
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We thus have a case that presents two interesting sides pathologically : 
a primary sarcoma of the stomach ; and a most extreme secondary anemia, 
during the course of which there was a distinct rise and fall of the red 
blood cells, the so-called “blood-crisis.” In addition the individual clinical 
features merit a passing word. The paucity of gastric symptoms, the 


} 


Gram-negative stools, the position of the mass, and the obstinate con- 
stipation, all combined to point to the colon as the seat of the growth, 
rather than to the stomach ; yet at autopsy there was found the most wide- 
spread malignant involvement of the latter, with a mere mechanical 
obstruction of the former. 

Primary sarcoma of the stomach is considered uncommon enough to 
justify the reporting of observed cases, and in consequence the literature 
is yearly becoming more extensive. No attempt is made here at a detailed 
review since several have appeared within the year. Clendening,’ in a 
recent article, reviews seventy-three cases, including two of his own, and 
sets the frequency as next to that of carcinoma. About the same time 
Ziesche and Davidsohn? report three cases from the Breslau clinic, and 
give a most comprehensive analysis of 146 additional, gathered from a 
search of all literature. Since then three others have been reported, one 
by Dickinson* and two by Lofaro.* It would appear, therefore, that about 
150 cases in all, of primary sarcoma of the stomach have been put on 
record up to the present time. 

The term “blood-crisis” was coined by Von Noorden® to signify the 


° 


temporary presence in the blood during a severe anemia, of numbers of 
nucleated red cells, which increase to a certain maximum and then 
diminish again, sometimes within a few days At times followed by a rise 
in the red cell content, Von Noorden thought them to be a sign of an 
active blood regeneration, especially as they are accompanied by a leu 
kocytosis. 

Whatever may be the cause of the crisis, it by no means always 
bespeaks a good prognosis, and in pernicious anemia may be a terminal 
event in the disease, although marked improvement occasionally does 
occur. It would seem that crises in which the adult nucleated forms, the 
normoblasts, predominate, are followed by a rise in the red cell count, 


while those in which tl 


e younger forms and megaloblasts are present to 
any extent are not. It is in the idiopathic perni ious anemias that crises 
are most frequently found (19 per cent. of the Johns Hopkins series*). 
Here nucleated reds are almost always present, and for the definition 


Clendening: Am. Jour. Med. Sc., 1909, exxxviii, 191 


l. 

2. Ziesche and Davidsohn: Mitt. a. d. Grenzgeb. d. Med. u. Chir., 1909, xx 
377 

3. Dickinson, G. K.: Gastric Sarcoma, Jour. Am. Med. Assn., 1909, liii, 117. 

4. Lofaro: Arch. gén. de chir., 1909, iii, 771. 


5. Von Noorden: Charité-Ann., 1891, xvi, 217. 
6. Emerson: Clinical Diagnosis, ed. 2, p. 568 
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of a crisis an arbitrary line has been set at more than fifty nucleated reds 


per 1,000 leukocytes.° In some secondary anemias, particularly the post- 


hemorrhagic, crises, as stated by all writers, do occur, yet reports of this 


1 


interesting phenomenon are strikingly rare, a search of the literature 


revealing but three. This may be due to the fact that the condition vas 


not deemed sufficiently noteworthy to report, or if reported, was indexed 
under the disease causing the anemia. 
Emerson’ reports two cases in which crises occurred during the course 


of typhoid fever. 

In his first case, that of a male negro aged 27, on the twenty-first day 
of illness the Jlood count was: reds, 3,752,000; hemoglobin, 55 per cent. ; 
whites, 4.200. Within the next twenty-four hours an intestinal hemor- 
rhage of about 500 c.c. occurred, with a drop in the temperature to sub- 
normal. On the twenty-fourth day the crisis commenced, the count 
being: reds, 2,104,000; hemoglobin, 30 per cent. ; whites, 16,000, of which 


0.2 pe r cent. were m veloc ytes: and 64 nucleated reds per c.mm. The 


leukocytes and nucleated reds rose rapidly to 33,300 of the former, and 
26,000 of the latter on the twenty-seventh day, the percentage of myelo- 


cytes at that time being 6.46. The next day there were but 1,006,000 
red cells per c.mm., and on the thirtieth, the day of death, the whites 
were 10,000, and the nucleated reds 900. The necropsy showed the 
usual findings of typhoid fever, and examination of the bone-marrow 
gave Bacillus typhosus in pure culture, with histologically, wide-spread 
' f 


areas of necrosis. During the rise of the crisis, from 20 to 40 per cent. 


} ] } } f 


of the nucleated reds were megaloblasts and intermediate forms, and it is 


significant in this regard to notice the failure of the attempt of the mar- 


row to cope with the rapidly developing anemia. This would bear out 


the observation that a megaloblast ¢ crisis occurs where a patient is losing 


ground and is an evidence of the insufficiency of the marrow to regenerat 


the blood. 

His second patient was a man aged 47, with hematemesis and melena 
from a bleeding esophageal varix, probably secondary to hepatic cirrhosis, 
admitted to hospital with an infection by Bacillus typhosus as proved by 
blood cultures. On admission the count was: reds, 1,300,000; hemo- 

] 


globin, 25 per cent.: whites, 71.500, of which 8.8 per cent. were myelo- 


cytes. There were 3,500 nucleated reds per ¢.mm. with about 10 per cent. 
megaloblasts and intermediate forms. "Two davs later the nucleated reds 
numbered YO 000, Death occurred on the following lay. no autopsy 
being permitted 

In both these cases there was a severe secondary anemia, partially due 
to hemorrhage, a pronounced leukocytosis with a decided increase in the 


number of myelocytes, and sharp blood-crises in which the megaloblasts 


7. Emerson Bull. Johns Hopkins Hosp., 1907, xviii, 412. 
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and intermediate forms predominated. In neither did any improvement 


in the blood occur, although in the second case death sunervened at the 
heighth of the crisis. 

Kerr and Spriggs* report a crisis in the case of a man of 30 with 
amyloid disease of the kidney following syphilis, complicated by hemor- 
rhages from the kidneys and bowels. On entrance the count was: reds, 


1,100,000; hemoglobin, 29 per cent.: whites, 13.600, of which 1.1 per 


cent. were myelocytes ; and nucleated reds, 20,672 perc.mm. These were 
classified according to the shape of the nucleus as single, double and 


polynucleated. If we can assume that by the double and polynucleated 


forms are meant the immature intermediate varieties, these were present 
to the extent of 29 per cent. Three weeks later the count was: reds, 
3,950,000 ; hemoglobin, 58 per cent.; whites, 17,700; no myelocyvtes, and 


only two nucleated reds seen in making the differential count. The 


general condition improved considerably for a time, but death occurred 
within a month. In this case there was a temporary improvement in the 
anemia. 


The blood-crisis in the present case is a small although a typical one. 


The hypocythemia and low index, exceptional as it is, may be explained 
on the basis of the combined factors of a constant occult hemorrhage. and 
the toxins of an extremely malignant growth. Thus, a diminution of the 
red count to 1,000,000 or under does not necessarily rule against a 
malignancy. Also, it may be that the occurrence of a blood-crisis during 
a severe secondary anemia is a more frequent feature than the records 


would indicate, and it is partly in the hope that this particular point be 


observed in other cases that this report is offered. 


In conclusion I wish to express my indebtedness to Professor Alonzo E 
Taylor, late of the University of California, for his kindness in examining and 
passing upon sections of the tissue, and also to his assistant, William T. Jane. 
for his trouble in preparing them and to Mr. Richard W Harvey for the 
drawing. 


Central Bank Building. 





‘ 


8. Kerr and Spriggs: Lancet, London, 1909, elxxvi, 37 











A STUDY OF THE TECHNIC OF THE CAMMIDGE REACTION 
AND OF THE SUBSTANCE GIVING RISE TO THE 
SO-CALLED TYPICAL CRYSTALS * 


JOSEPH C. ROPER, M.D., AND RALPH G. STILLMAN, M.D. 


NEW YORK 


P. J. Cammidge’ discusses in detail the “chemical pathology” of the 
pancreas, describing three methods, classed as A, B and C, for the exam- 
ination of the urine in cases of suspec ted pancreatic disease. The A and 
B reactions were discarded because, when positive, they result in pre- 
cipitates which “consist of two parts, one a phenylhydrazin compound of 
glycuronic acid, and the other the osazone of a sugar.” To overcome this 
and other difficulties, the “improved” or “C” reaction was introduced, “in 
which the presence or absence of pancreatitis is indicated by the examina- 
tion of a single specimen.” 

The technic of the “C” reaction is as follows: 

The urine is freed from albumin (by heat and acetic acid) and from 
sugar (by fermentation) and filtered several times through the same 
paper. Forty c.c. of this clear filtrate are boiled for ten minutes with 
2 c.c. strong hydrochloric acid (specific gravity 1.16) in a small flask 
with a funnel condenser. This is cooled and diluted up to 40 c.c. with 
cold water. Then 8 gm. lead carbonate are added slowly, the liquid 
allowed to stand for a few minutes, cooled again in running water and 
filtered until perfectly clear. The filtrate is then shaken well with 8 
gm. powdered tribasic lead acetate, and filtered as clear as possible, the 
filtrate being repeated several times if necessary. It is then shaken well 
with 4 gm. powdered sodium sulphate, heated to boiling point, cooled in 
running water and filtered carefully. Ten c.c. of this perfectly clear 
transparent filtrate are diluted to 17 c.c with distilled water and added 
to 2 gm. sodium acetate, 0.8 gm. phenylhydrazin hydrochlorid, and 1 c.c. 
50 per cent. acetic acid. This is boiled for ten minutes in a small flask 
with a funnel condenser, filtered while hot through paper moistened with 
hot water and the filtrate diluted to 15 ec.c. with hot water if necessary 
The crystals separate in a few hours in a characteristic reaction, but it 
may be necessary to leave the preparation over night before a deposit 
occurs. 


* From the Department of Clinical Pathology of the New York Hospital. 
1. Cammidge, P. J.: The Pancreas: Its Surgery and Pathology, 1907, p. 206 
et seq. 
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“The ‘improved method’ or ‘C reaction’ is based upon the different 
behavior of glycuronic acid and the sugars in acid solutions, to tribasic 
lead acetate, the former being precipitated and the latter remaining in 
solution.” “The result is an absolute one, and is therefore independent of 
the personal bias of the investigator.” 

The results obtained with the Cammidge reaction by different investi- 
gators, are not so absolute as one might be led to expect from the above 
statements. Roth? obtained unsatisfactory results in thirty-two cases, 
and regards it as of little value in the diagnosis of pancreatic disease. 
Petroff* concludes that it is not pathognomonic, is influenced by diseases 
of the duodenum, and that the precipitate is rarely an osazone of glycu- 
ronic acid but is usually an osazone of inverted saccharose. Also that the 
reaction is a test of the assimilation of beet sugar, and that no facts 














Bp c 


Quantity of typical Cammidge crystals obtained from 10 c.c. diluted to 40 e.c.: 
A, after boiling urine with HCl and neutralizing with sodium carbonate; B, after 
completion of Cammidge reaction; C, after completion of mortar technic. 


have been adduced to show that pentose is the cause of the positive 
reaction. 

Ochsner* thinks that further development of the test is necessary. 
Kreinitz’® results were in accord with the findings at operation in 80 per 
cent. of the cases, although he had positive reactions in diseases of the 
intestinal tract, biliary tract, diabetes and carcinoma of organs other 


. Roth: Ztschr. f. klin. Med., 1909, Ixvii, 222. 

. Petroff, N. Y.: Russk. Vrach, 1909, viii, 1498, 1536. 

. Ochsner: Surg. Gynec. and Obst., 1908, vii, 621. 
Kreinitz: Arch. f. Verdaungskr., 1909, xv, 53. 
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than the pancreas. Deaver® is inclined to regard it as “a fairly constant 
sign of pancreatic disease rather than of great value in 
diagnosis.” 

Goodman’ admits difficulties but is enthusiastic in its favor. Spiese 
and Goodman,* as the result of experimental work on dogs, found it 
constant in hemorrhagic pancreatitis, mechanical injuries of the gland, as 


crushing and partial or total extirpation—inconstant in subacute pan- 
creatitis. ‘They are uncertain of the nature of th phenylhydrazin com- 
pound, but think (on what grounds is not plain) that the reaction is 


indicative of altered carbohydrate metabolism, due to disturbance of the 


internal secretion of the pancreas, Sn olenski,® investigating the Mutter- 


Substanz, concluded that, in the case under observation, the ervstals were 
due to the presence ol saccharose Schumm and Hegler’® conclude that 
many positive reactions are nothing else than positive grape-sugar tests. 


and that the result is influenced more or less by accidental occurrences. 
Swan and Gilbride" think it a mistake to interpret every positive reaction 
as indicative of organic disease of the pancreas. 

The varying results obtained by us in the early part of our work in 
the examination of cases led us to agree, with Schumm and Hegler, that 


] } 


these resuits were influenced Dy accidenta occurrences, \ttempts to 


} 


control these accidents led to a slight modification of the technic. This 


modification consisted in rubbing up in a mortar with their a 


ppropriate 
filtrates, the lead acetate and sodium sulphate, instead of mixing them in 
a beaker by shaking. This procedure insured thorough mixing and gave 
perfectly clear filtrates and uniformly negative results in cases which, by 
] 


method, might be positive one day and negative the next. 


the original 


Having made, with this technic, 125 negative examinations on thirty 
cases, we naturally concluded that the reaction, when positive, was due to 
some substance normally present in the urine, split off by boiling with 
hydrochloric acid and incompletely removed by the lead acetate, and that 
the substance was probably glvcuronic acid. 


Regarding the typical crystals, Cammidge says: “By collecting large 
quantities of urine from well-marked cases of pancreatitis, we were able 
to investigate the character of this (the ‘sugar’ giving rise to the typical 


crystals) and found that it gave the reactions of a pentose. We have 
been unable to discover any evidence of the presence of a pentose in the 
untreated urine from any of our cases, so that it is probable that the 
pentose giving rise to the characteristic ‘pancreatic reaction’ was formed 


6. Deaver, John B Chronic Pancreatitis, Jour. Am. Med. Assn., 1908, li, 374. 
7. Goodman Ann. Surg., 1909, xlix, 183 

8. Spiese and Goodman: Am. Jour. Med. Se., 1909, exxxviii, 108 

9. Smolenski: Ztschr. f. physiol. Chem., 1909, Ix, 119. 

10. Schumm, O., and Hegler, C.: Miinehen. med. Wehnschr., 1909, lvi, 2054 


11. Swan and Gilbride New York Med. Jour., 1910, xei, 781, 852. 
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sis from some antecedent substance in the urine, during the 
1) ess of eating it wit t d ite acid 


ase of essential pentosuria, we found that small amounts of pentose wer 
destroyed or removed in the course of the Cammidge reaction. This 
specimen gave positive reactions for pentose, and crystals with a typical 
melting-point were obtained from it by the ordinary procedure At the 

nclusion of the Cammidge reaction, on the other hand, no erystals could 
e obtained. | »wwever, the precipitation with lead acetate were omitted 
atypical crystals, which were probably a mixture of pentose and glycu 


Cammidge’s contention, that the improved or “( reaction removed 
the glycuronic acid, is not supported by facts \. Jolles'*? has called 
tention to the impossibility of precipitating all the glycuronic acid 
with lead acetate when the former is present in excess Even when 
present in small amounts, it will not, in every instance, be completely 
precipitated by the ordinary Cam: ge procedure When present in large 
mounts 1€ can be positively identified in the filtrates obtained after 
ecipitation wit ead acetate and sodium sulphate, even when the pr 
caution is taken of carefully mixing the reagents in the mortar 
For the demonstration of this last fact we used specimens of urine 


rom two patients who were taking from 20 to 40 grains of chloral a day 


Chloral, as is well known, increases the amount of conjugate glycuronates 


in the urine. For the positive identification of glycuronic acid, the urine 
is boiled with an acid to split up the conjoined glycuronates, and after 
neutralization, is boiled a short time with parabromphenylhydrazin 
hvdrochlorid. This gives a compound with a characteristic melting-point 
The employment of this parabromphenylhydrazin hydrochlorid is neces 
sary because glycuronic acid, by virtue of its carboxyl and aldehyd groups, 
forms with phenylhydrazin hydrochlorid a hydrozone, an osazone, a 

drazid, a hydrazin salt, a hydrazone hydrazid, an osazone hydrazid and 
intermediate condensation products."* Most of the phenylhydrazin com 


pounds with glycuronic acid are mixtures of these substances: 


O=—C—H H— N.NELC,H Hi—¢ N.NIELC,H H—C—0O 


o— O—H O=( O— TH Oo OH H—O—C—=N.NH.C,H, 
glycuronic glveuroni¢ olycuronic glycuronic 
acid acid acid acid 
hvdrazone osazone hydrazid 
12. Jolles, A Zentralbl. f. inn. Med., 1909, xxx, 1097 
13. Mayer, P Ztschr. f. physiol. Chem., 1900, xxix, 59 
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H—C—N.NH.C,H, H—C=N.NH.C,H, 
H—C—O—H Coxwncn, 
Ht O—H H—t—0 H 
HC O—H H C—O—H 
n—¢ O—H H c O—H 
H—O (=N.NHLC,H H—O0—C=N.NH.GH, 
glycuronic acid glycuronic acid 
hydrazone hydrazid osazone hydrazid 


This fact explains the different melting-points obtained by other 


workers and ourselves in attempts to identify the Cammidge crystals. 
These different melting points were 114-115 C., 160-173 C., 180-185 C. 
and 200-204 C. 

P. Mayer™® has shown that one molecule of glycuronic acid combines 
with one molecule of phenylhydrazin to form a compound which, when 
crude, melts at 199-205 C., when recrystallized, at 210-217 C.; that one 
molecule of glycuronic acid combines with two, three, or four molecules 
of phenylhydrazin to form a compound which melts at 159-164 C. These 
two compounds have melting-points identical with those of glucosazone 
and pentosazone, respectively. Thierfelder obtained a compound contain- 
ing one molecule of glycuronic acid and two and one-half molecules of 
phenylhydrazin, which melted at 114 C. 

Mayer and Neuberg,’* however, have demonstrated that combinations 
of parabromphenylhydrazin hydrochlorid with glycuronic acid have a 
specific melting point of 235-240 C. This compound can be obtained onl) 
when the urine contains large amounts of glycuronic acid. 

Using 40 c.c. of the urines mentioned above (from patients taking 
chloral) we were able to isolate compounds of glycuronic acid and para- 
bromphenylhydrazin hydrochlorid with the characteristic melting point, 
235-240 C., from the filtrates obtained at each step of the Cammidge 
reaction. Obtaining this characteristic compound from 10 c.c. of the 
filtrate resulting after boiling with acid and neutralizing, showed that 
glycuronic acid was present in large amount in the original specimen. 
Obtaining this same compound from 10 c.c. of the filtrate resulting from 
the precipitation with lead acetate showed that this procedure had not 
removed all the glycuronic acid. Obtaining it also from 10 c.c. of the 
filtrate resulting after the treatment of the lead acetate filtrate with 
sodium sulphate, demonstrated that glycuronic acid was present at the 
completion of the reaction. Parallel tests of the above filtrates with 
ordinary phenylhydrazin hydrochlorid gave typical Cammidge crystals 
with melting points between 114 and 204 C. 


14. Mayer and Neuberg: Ztschr. f. physiol. Chem., 1900, xxix, 257. 
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} { st . hin a ry — f = | Y 

When 40 cc. of the urines containing large amounts of g lroni¢ 

} } > } L.¢ _ } + y od 
acid were used, a negative result could not be obtained with the modified 
or mortar technic. By emploving 10 c.c. diluted to 40 c.c., however, a 

) ] ; + + ; lat 
né tive suit was optained | e mortar 1 I V { regula l 
( midge } f re still showed a deposit of typical! crvstals The i . 
trati ows the volume of the precipitate of t Car e Cl S 


ir te nit 

In specimens which do not contain enough glycuronie acid to permit 
( demonstration of t specific melting point of its para 
’ dra compoul ecourse must be had to other reactions. W< 
e! yved the orcein test and the naphtoresorcin test of Tollens In 
specimens giving typical crystals by the C technic, these tests were pos 
tive in the filtrates obtained after treatment with sodium sulphate, and 
negative in the corresponding filtrate obtained in parallel tests by the 
n r technic, the latter giving no typical crystals. 

The number of examinations on which this article is based is 175, 
on forty cases representing all tvpes of disease. Before adopting the 


mortar technic, the result of the test was frequently at variance with the 
lings at autopsy or operation. Since adopting this modification, with 


its uniformly negative or readily explained results, we have been able to 


demonstrate marked pancreatic lesions in two “negative” cases at autopsy. 
7 specimens giving a positive reaction when 40 c.c. were « ed 
(due, as we have demonstrated, to glycuronic acid) were not from pan- 
reatic cases but from patients wit t usl wit 

associated constipation. who were taking large doses of chloral. 


An excess of glycuronic acid in the urine cannot be accepted as 
ndicating disease of the pancreas. Gly uronic acid is an intermediate 
‘ate metabolism. It is normally present in the urine, 
as shown by Maver and Neuberg,'* while Tollens and Stern’® have found 


age output in health amounts to 0.025 gm. per 100 e.c. in 


the twenty-four-hour urine. It is excreted in combination with indoxyl, 
skatoxyl and phenol, and will vary as these substances vary. The admin- 
stration of camphor, salicylates or chloral markedly increases its elimina- 


} 


tion, in which case it may amount to 1.4 gm. in the twenty-four hours. 
It is apparently saved from destruction by combination with these sub- 
stances. Of its origin little is known. In a starving dog, administration 
= 


imination of the corresponding 


I 


] 
| 
i 


of chloral or camphor leads to the e 
glycuronate, suggesting the possibility of its formation in the body. 


15. Tollens, C.: Miinchen. med. Wehnschr., 1909, lvi, 652. 
16. Tollens and Stern: Ztschr. f. physiol. Chem. (Hoppe-Seyler’s), 1910, 
Ixiv, 39. 








258 THE ARCHIVES OF INTERNAL MEDICINE 


We could not satisfy ourselves that any substance other than gly- 


curonic acid Was responsible for the reaction. The elaborate technic sug- 


gested would be unnecessary and indeed unsuitable for the demonstration 


of small amounts of glucose or pentose. That saccharose, as such, was 
ne 


not present in any of our cases seemed apparent from the absence of tl 


characteristic changes in rotation. 


CONCLUSIONS 


The “C” reaction proposed by Cammidge, for the demonstration of a 


characteristic substance in the urine of patients suffering from diseases of 


the pancreas, does not rest on a sound scientific basis, as not all the 


rlycuronic acid is removed in every instance by the technic of this reac- 


tion. The formation of the typical crystals is due to the presence of gly 


curonic acid. As this substance is present in the urine of persons in 
normal! health, and is increased in amount in many conditions in no way 
associated with disease of the pancreas, the demonstration of these so- 
called typical crystals can have no diagnostic value. 


255 West Eighty Fourth Street—120 West Fifty Fifth Street. 
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ALLERGY 
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- C. E. VON PIRQUET, M.D. 
BALTIMORE 


A person who has once had measles, smallpox or whooping-cough 


does not, as a rule, have the infection a second time. We call this 


34 Immunity. On the other hand, there are infectious diseases. such as 


, 


pneumonia and ervsipelas, which leave behind a greater sens 


we call predisposition. 


y 


For half a century the medical world has worked on the mechanism 


of these phenomena. The great discoveries made in this field have been 
the result of our knowledge of the pathogenic micro-organism, together 


with that of the morphological elements and the soluble constituents of 


I Lu 


the blood and other organs. It is not surprising that the greatest atten- 





tion has been paid to microscopic observations and animal experimenta- 
tion, while the study of the clinical phenomena has been comparativel\ 


newier ted 


THE CLINICAL OBSERVATION OF THE MECHANISM OF IMMUNITY 
The question we put ourselves is: what occurs if we trv to reinfect 
an immune individual? Suppose we choose as a point of reinfection the 
skin, and stud with the naked eye the cour ol events at the point oj 


reintection Here It 18 OL no consequence to wus \ ther the micro- 


CO Spa a 
= A, 
J 
np 2 
5° ‘ t J 
ays :- = 
sam et 
- r ; 
j 
1% 


‘) t ~ ‘ | ] 
se as smallpox, but less severe. Let us first inoculate an individual 
} } T ul 1 ty nNrey ; Iroy , | 
Ss peen inocu ted two vears pre \ t 1 ¢ oO 
~ naiv al is to all appearances “im? , On the they il et us 
h 
te a person v has not vet gone t this ocess. and t 
the results carefu Will there be no 1 est ns int 
( il? Not at all ve return in twentv-four s we 
. n the immune an infected scrat 1 vi small. but « i nflamed 
I ching reddening. whereas the ne Vv vac ted per R eg oF > 
tile s without any sign of inflammatio1 
Is the pe n, therefore, hvpersensitive, 1 s heer ed pre 
La 
f } 4 ’ 
slv? If we wait a few davs cor S ( 7 | nan 
1? ’ 
n the person previously inoculated w turn vn and grow smallet 
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in size: a little blister on the other hand will develop under the scab 


erce et t the newly 1no ulated person is the more sensitive, tor he has 
, ; 1. 1 i ; 1° . , 1. 
n, lever ar considerable local inflammation, while the one formerly 
! 4 ‘ , _ ‘ y + ) 
no ite ( IVs is OT InlectT 
. } “ ail v2? | . 7 
We tand the value of this “early reaction” of the immune 
, I , 
we cor OW a real reiniection o¢ Ss In smalip et us sup- 


illpox germ had been deposited in the throats of both individuals: the 
vi nat ould have had a slight redness around the spot within 
twenty- r hours, while the unvaccinated ps n would have gone 
t h the whole severity of a smallpox fever and exanthem. The 
act, however, which I wish to emphasize here is that both persons, after 
the infection with cowpox, react, the one sooner, the other later, one 


with a papule, the other with a pustule, one hardly noticeable, the other 
with considerable symptoms. The “immune” person does not become 


insensible to inoculation, but the time, quality and quantity of his reac- 


T} ! cht rhthy use 1 WO! ] lle rg f m er y 
reactivity, and allos, “altered,” a changed reactivity as a clinical concep- 
tion without being prejudiced by the bacteriological, pathological or 


biological findings. As the oldest observation of allergy—even though 
not under this name and not conceived in the same way as to-day—one 
may cite the knowledge of the modification of the form of smallpox by 
means of a previous vaccination. During the great smallpox epidemics, 
from 1813 to 1830, very many, who had been vaccinated in childhood, 


lpox, though in a milder form, 


became ill with an eruption resembling smal 
and disappearing more rapidly. This was contrary to the early expecta- 
tions of Jenner. It was termed “varioloid” by Thomson, in 1820. Wol- 
fert, Dornblueth and Harder then showed that one inoculation of vac- 
cinia was not a sufficient protection against smallpox for a lifetime, that 
a revaccination was necessary, and that the clinical manifestations of 
this revaccination are as different from that of the first vaccination as 
varioloid is from variola. 

In 1839 Magendie made an observation which represents a quite dif- 
ferent and apparently useless kind of allergy; he saw that rabbits which 
had been injected with egg albumin died after a repetition of the in- 
je tion. 

In 1882 Pohl Pincus made a histological study of first and repeated 
cowpox vaccination, and found that the reactive inflammation appears 
early after the repeated inoculation. He reached the conclusion that the 
vaccine micro-organism secretes a toxin, which, at its first entry into the 











sanictanalay 


19 Op caer 
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human organism, 1s capable of paralyzing the reactive powers of the 
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i human body. 
; Arloing, in 1888, was led to an apparently contrary opinion, finding 
; that repeated injections of micro-organisms have fatal results. 
: In 1891, Courmont studied this question with the tubercle bacillus 
The Lyons school repeated the observations with staphylococci and strey 
tococei, Bacillus pyocyaneus and other bacteria. 
la The study of bacterial toxins furnished new evidences in this dire 
\ a tion and the results are described here as hypersensibility and para- 
| ‘ doxical reaction. In 1895, Brieger reported the case of a goat highly 
} immunized against tetanus, whose blood and milk contained great quan- 
tities of antitoxin, but in spite of this the animal was subject to tetanus. 
Knorr (1895) studied more closely this unexpected effect, which had 
made itself felt chiefly as a practical difficulty in immunizing animals 
against tetanus toxin. Von Behring and Kitashima found a similar 
case with diphtheria in an immune horse (1901). They determined 
+ quantitatively the hypersensibility of guinea-pigs, and showed that thé 
animals died of a typical diphtheritic intoxication after they had been 


inoculated with an amount of toxin containing only 1/800 of the minima 


L deadly dose. That this was not brought about by cumulative effect of the 
toxin in the sense of a mere addition of separate doses of the poison is 
shown by the fact that by the addition « the toxic doses, ¢ 1/400 


t of the minimal deadly dose was obtained (cit. after Otto). Von Behr- 
ing conceived the hypersensibility as purely histogenetic; the explana- 
tions of Kretz, in the sense of Ehrlich. are very closely allied to his con- 
ception. He regards the side- hains anchored to the cells as a cause ol 
this paradoxical phenomenon. 

The French physiologist, Richet, found (1902) that the poison of the 

* actinia on a second injection after an interval of several davs goes int 

c action much more intensely and acutely than the first time; if the animal 
survives, however, it conquers the disease in a shorter time than after a 


first injection. He states that two different substances are contained in 


this poison, one concerned in establishing an immunity. the other in 


, calling forth a hypersensitiveness, but thus far the separate existence of 


both these hypothetical substances has not been nr ved. The conception 

of anaphylaxis, which has been sharply separated here for the first 1 mi 
irom immunity, has been maintained. On the instigation of Ri et, 
Arthus undertook similar experiments with horse-serur n an!mal 
(1903). It was found that a first injection of an apnare! 
S il ance har p ) el] } , 

' 
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lay, but after the second inject in the 


ime day. On the basis of this observation I reached the 


t prevalling theory with regard to the time of incuba- 
rrect. I proposed a theory that the disease-producing 
forth symptoms or when it has been changed by anti- 
ncubation 1s the e necessary f the formation of 

I was confirmed in this opinion by the statements of 


pointing out that a rabbit forms precipitins more quickly 


jection of alien serum. 


t to treat all infectious diseases from the same point of 
nalogies and found one in the early appearance of 

ises of reé cination. In association with B. Schick, I 
ises which seemed to correspond to these views the sub- 


ition, and we cited vaccination, smallpox, measles, recur- 
of serum, streptococci, tuberculin and mallein. In a 
idy of serum disease we pointed out the difference 
We called attention to the 


ited and immediate reactivit) 


of the latter; that is, we showed that it enables us to 


the organism had been previously infected. Our idea was 
the character of an antibody digest the foreign sub- 

it the products of digestion act as poisons. 

remained unnoticed for several vears, and until to-day the 


1 by many scientists. 


re-Deutsch wished to explain t question why a luetic 
re a mal n ¢ : 1 second time 
10WS n mms of t 1st nd { é not 
s. To this « ns of tu s 
| emp ( | ( ll pl I la etwe n 
1 superinfect Ilis « nation of the nediate 
t same t I on the result o er- 

| lionsthie ) 
Kisner wrote a neral treatis« Ueber Grundgesetze 
tarting from ft f oO persensipuiit nh the 
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Since that time several authors, more or less independently, have 
- important phenomena, and studied it 


noticed hypersensibility as an 


5 (Léwenstein, Friedemann and Isaac, Saeli, Batelli, De Waele). Theo 


|= bald Smith, of Boston, found that guinea-pigs which are used for stan 
} dardizing the strength of diphtheria antitoxin often « ifter a second 
injection of serum. Otto studied these phenomena more closely, and 
% since then has published several important works in this connection. The 
J best work has been contributed by Rosenau and Anderson, who started 
§ out from the investigation of the sudden death which was attributed to 
a t f ht] { ' | ket 1 
“ the use < antid theritie serun ihese a s demonst { ) a 
j great number of experiments the action of horse-serum and ot 
' stances 1n yulnea-pigs. Most of the experimental work has been done on 


that animal, by Vaughan and Wheeler, Lewis, Gay and Southard dl 
others, to whose experime nts I shall have to refer in the sp ai part, as 
well as to those of Kraus, Doerr and Russ, Sleeswijk, Besredka and 
others who have made very valuable contributions during the last years. 
M pian is to take all the morbid entities in w nh symptoms ol e! 

are to be found one after ancther, and then to collect those facts 
all of them have in common. I begin with those groups which are car 
ced out, and later go on to those in wl ol one or the other 


symptom allows an analogy. 


: SERUM DISEASE 


HORSE-SERUM IN MAN 


The first injection of horse-serum which we use as a carrier of ant 
toxin in diphtheria, tetanus, scarlet fever and epidemic meningitis has not 
only an antitoxic influence, but often causes symptoms of own, which 
onsist in urticaria, fever, edema and pains in the joints. They are due 

to the horse-serum, lor they show thems es a alt nyection of the 


serum of healthy horses not previously treated with diphtheria or other 


toxins (Bokay, Johannessen ). 
| ins ; “I ' ] 
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character. The fever lasted thirty-six hours, then the swelling decreased gradually 
On the sixth day after this injection, again a general rash. 

We shall study in these cases the properties of allergy against horse- 
serum in man. 

1. Allergy According to Time.—The symptoms after the first injec- 
tion of E. E. appeared on the seventh day; after reinjection, after eight 
hours. 

2. Quantitative Allergy.—Of the fifteen children who were injected 
at the same time with E. E., 10 had not received the serum previously. 
Only one of them showed a very slight swelling at the same time that 
E. E. showed his severe symptoms. Between the sixth and eighth day, 
slight general symptoms were noticed in four of them. 

The severe reaction which E. E. showed was, therefore, not due to a 
property of the horse-serum which was used in this second injection, but 
was due to a subjective disposition. He was extremely hypersensitive, 
and this hypersensitiveness was an acquired one, for he had not reacted 
in that way after the first injection. 

8. Qualitative Allergy.— After the first injection there were no local 
reactions on the point of injection, but general symptoms, such as fever, 
urticaria and hydrops. The second injection provoked an intense redness 
and swelling at the point of inoculation. In other cases the reinjection is 
followed by general phenomena of short duration, which are sometimes 
accompanied by collapse. This collapse is never seen in serum disease 
occurring after a normal incubation time. 

Goodall remarked in his paper of 1907, that as early as 1898 he had mentioned 
three cases in which the injection of antitoxin was immediately followed by fever 
and other symptoms. In all three cases a previous first injection had produced 
serum disease in the second week after the injection. The third case is extremely 
typical: Within a quarter of an hour after the reinjection, the child became 
very ill, showed an urticaria-like rash, stiffness for half an hour, cyanosis, rapid 
and weak pulse. At that time Goodall did not draw conclusions from these cases, 
but simply recorded them. 

The most important feature of allergy is certainly the immediate reac- 
tion. In addition to the cases noted by von Pirquet and Schick, Lehn- 
dorff, Lemaire, Goodall, Currie, Netter and Debre give the figures shown 


in Table 1 for the day on which the serum disease appeared after injec- 
TABLE 1.—TIME OF APPEARANCE OF SERUM DISEASE 


Dayz of appearance of serum disease'1-2} 3) 4) 5) 6) 7| 8) 9)10/11'12/13)14)15/16)17-20 


First i ctior ‘ 3} 1) 5] 2)11/21/35)32/)23/17)18)10)12) 9| 8 i 


We see from this table that after the first injection, serum disease 


m before the sixth day, mostly on the eighth and ninth day, 
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but frequently later. In reinjected children, however, we find that the 
symptoms usually appear as an “immediate reaction” within twenty-four 
hours. The first and second day in the table are taken together, because 
clinically they are difficult to distinguish, as the hour of injection is not 
often noted in histories. A second maximum of the onset of the diseasé 
is shown on the sixth and seventh day; this is about two days earlier than 


the maximum in patients injected for the first time. Von Pirquet and 
Schick call this therefore “accelerated reaction.” 


The accelerated reaction is clinically similar to the normal type of 


reaction. It consists of fever, urticaria, etc., without a special involve- 


ment at the point of inoculation, but it disappears more rapidly. It has 


} 
} . 
‘ 


in common the quantitative allergy with the immediate reaction. If the 


same amount of serum is given, reactions occur more frequently than in 
children injected the first time. It is not to be understood that after each 
injection or reinjection all these symptoms occur. They are seen only in 
part of the cases, but if present, follow the given rules of time, quantity 
and quality. 


As a whole, serum disease occurs the mor frequé ntl * the lara r the 
amounts of serum administered. 
TABLE 2.—FREQUENCY OF SERUM REACTIONS WITH DIFFERENT QUANTITIES 
OF SERUM * 


Cases Observed 
10 Days and 


Total Amount Cases Show- More Showing Per Cent 
of Serum in c.c. ing Reaction. No Reaction. Total Cases Showing Reaction 
1- 9 9 73 83 10.9 
10- 19 52 137 189 27.5 
20- 29 40 100 140 28.5 
80- 49 47 73 120 9.0 
50- 79 46 138 92 50.0 
80-280 42 111 69 61.0 


* After Weaver, George H.: Serum Disease, THe ARCHIVES INTERNAL MEDICINE, 
1909, iii, 485. 

Very often, the first injection is not followed by marked symptoms, but 
after the reinjection we find an early or accelerated reaction. Explicit 
statistics on these facts are given by Goodall and Currie. 

Both forms—“immediate” and “accelerated” reaction—may follow 


} ne- 


one another as in the example of E. E. This double reaction is es} 


cially common when there is a certain interval of time between the first 


and second administration of serum. In the cases of von Pirquet and 
Schick and of Lehndorff, grouped according to interval of time 3 
found, as shown in T: e3 

Allergy in the form of accelerated reaction lasts for vears. As tl 
first serum disease is seen only after an incubation time. so also the aller- 
gic condition does not occur immediately after the first injection, but only 
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a a ( eriod If the second injection is made within the first 
ten days after the first injection, it does not provoke a local edema or 


other immediate symptoms. This incubation time of allergy has nearly 
the same duration as the normal incubation time of serum disease, or as 


the period required for the active formation of antibodies against serum. 





We shall return later to the inferences to be drawn from this analog’ 


TABLE 3.—DOUBLE REACTION 


- Reaction 
Interval Between Only Only 


First and Second Injection. “Immediate.” Double ‘A rated.” Sum. 
Ten days to one month 21 3 . 24 
One month to six months 21 7 5 33 
More than six months 2 2 30 34 


Von Pirquet and Schick found that the shortest interval between the injections 


giving rise to an allergic reaction was twelve days; Lehndorff found ten days; 


Marfan and Lemaire and Currie cite three more cases with so short an interval 


as ten day Ss 


G 


Che no rse-serum is the only one which has been thoroughly 
investigated mal he« se for therapeutic purposes horse-serum is 
sed nearly ¢ sive Several other serums seem to act in the same - 
' 
wa s hors é coes Thus Dellera cites a case in v 1 ten days 
itte the T ns on o lan s ylood 1 reneral urticaria < rred SSL ' 
r symptoms have also been seen after an injection of rabbit-sern : 
We se wever, IN man a primary action ol t serums of some animals, 
W t incubation time. This primary action is probably due to thermo- 
dies, according to the findings of Doerr, which will be discussed 
; + ] ] 
next t The serums of pigs and of cattle seem to have a 
i! i 
Bier, who tried to influence malignant tumors by the injection of pie’s blood, 
observed fever and local reaction on the following days. Schlossmann and Salge : 
. - . : 
saw in nurslings, after injections of only 0.1 ¢.c. cattle-serur intense actions 
\ in t tw tv-four hours Dhe uestion whether this 1 of cattle 
seru i l 3 symptoms sometimes seen in nurslings af he st feed : 
ings ' 2 mi has been discussed } Hambur r. Moro nd Sch smann, } 
bu ‘ ions have not been re is vet 
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H. Pfeiffer showed that after a subcutaneous inject 


serum of cattle, doves, pigs and man, a local necrosis is found; at the same time 
these serums dissolve the red corpuscles of the test animals. Pfeiffer states that 
this necrotizing substance is destroyed by heating to 56, and he laims to have 

t. The latter point has been denied | Uhlen 


made an antitoxic serum against it I 


ith and Haendel. They explain the immunization found by Pfeiffer by deviation 


ot « omplement. 


The primary toxic action of eel-serum has been studied 1 ry 
Doerr and Raubitscheck. They found that it was destroyed by heating to 
60 C., but that another action of the serum was left w h } ed an 
allergic condition toward a second injection, so that the property of eel- 
serum heated to 60 corresponds to that of horse-serun 1 rimal 


toxic substance gives rise to an antitoxin. the secon 


anaphylactic antibody. 


Che slight primary toxicit f cattle-serum is also due to a the 
molabile body. After heating it (Doerr and Russ, Olaf Thomsen) 
the second thermostabile body is left. 

lo exclude this primary action in experiments of allergy or anaphylaxis, on 


ought always to use serums heated to 56. The work of Pick and Yamanouchi and 
Heilner on anaphylaxis is not free from objection because they used large quan 
tities of fresh serum in which the thermolabile body may have caused p: rf 


symptoms, 


Group 2.—Action like that produced b orse-s m in man; u 


disease after a certain incubation time. 7 
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reaches its maximum after twenty-four hours. On repeated injections, 
more severe changes of the skin are seen, even gangrene. In intravenous 
injections, very severe general symptoms occur, leading often to death. 


Arthus cites the following instance: A rabbit which had been previously 
treated three times, receives 2 ¢.c. horse-serum in the auricular vein; after one 
minute the animal begins to sneeze, becomes anxious and restless, lies on its 
abdomen, the respiration becomes frequent, loose passages of the bowels occur, 
then the rabbit turns on its side, throws its head back, moves its extremities, then 
becomes quiet and the breathing ceases. After a short pause, it breathes again a 
few times, and finally dies about four minutes after the injection. 


Arthus did not consider the interval of time between the injections 





as very significant, but the repetition of the injections. Von Pirquet and 
Schick showed that the previous treatment with one injection is sufficient, 
and that time is the principal factor in the development of allergy. Ina 
series of experiments they showed that even the second injection produces 
an infiltration, if given after an interval of ten days. 

Recently rabbits have often been used to produce an anaphylactic antibody. 
The results of these experiments will be considered in the next section, as these 
antibodies have been demonstrated chiefly in guinea-pigs. Friedemann notes that 
passive anaphylaxis in rabbits is best seen if one injects horse-serum and anti- 
body simultaneously in given proportions with a comparatively small amount of 
horse-serum. The work of Heilner on rabbits differs so much in its method from 
the work of other authors, that it is difficult to classify its results. He injected 
more than 10 per cent. of the body weight and investigated the nitrogen excretion 
in the urine, without obtaining any very clear results. 


HORSE-SERUM IN GUINEA-PIGS 


The difference between the normal and the allergic animal betrays 
itself in the guinea-pig even more sharply than in the rabbit. Here most 
severe symptoms and death occur not only after intravenous, but also 
after subcutaneous injections. Theobald Smith observed that many 
guinea-pigs which had been used to test diphtheria antitoxin (by injec- 
tions of a mixture of toxin and antitoxin) died if injected later on with 
normal horse-serum. 


He reported in 1906 in a discussion of a paper of Rosenau’s, that he had 
become interested in the phenomena as long ago as 1902, but without going into 
an analysis of it. In this discussion he gave a report of about 117 experiments. 
Of eighteen animals which had been treated previously with mixtures of toxins 
and antitoxins, thirteen had shown symptoms on reinjections; ten of them died. 
It was not clear, however, why, of fifty-eight animals not previously treated, 


nine died also after the same injection of normal horse-serum. 


Ehrlich proposed the name of “phenomenon of Theobald Smith” for 
this form of hypersensitiveness. These observations incited Otto to make 
a thorough investigation of this subject. Otto injected subcutaneoush 


with 6 e.c. of normal horse-serum, 22 animals, which had been used one to 
three months before for antitoxin tests. All showed severe symptoms: a 


few minutes after the injection, the animals became restless, then fell over 
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the heart’s action weak, and half of the animals died about thirty or sixty 
! s after the injection in convulsions; the ot lf viv revived 
and soon became quite normal again. These animals were not in the least 
rsensitive against serum of rabbits, goats and cattie. Otto s l 

ter on that diphtheritic toxin alone caused no hypersensitiveness. Simul- 


, have » reter late on vé 
The incubation time, after v h t a ca t = 3 
t on the locality « e first inj \! Ros nd At , 
i . le w », war 1} , . 01 
at IL Lilt I Ss W ( were Tt iter l ‘ l 
nes e after r th day, wh sasu tan 
int t st injection has, according to Rosenau and Ande1 no 
} } + + 
ence oO the it th or t neubation time whereas Otto, Lewis 
\ rhan and Wheeler, Gay and Southard, | eve that aiter ger doses 
sensitiveness occurs later. At the first ection very s! doses ar¢ 
] ] “e ] 29 liy » nan 
ent to produce allergy (“sensitizing dose”). According to Rosenau 
Anderson, 1 mg. gives allergy with certainty, and in some cases 0.001 


(1 micromilligram) was sufficient. For the second injection a some- 
it larger amount is necessary to produce symptoms of disease (“t 
se”), but still 0.1 ¢.c. is enough to kill a sensitive animal, whereas in 
first injection 10 c.c. are borne without any symptoms. 

The symptoms after a reinjection of guinea-pigs, t “anat act 
shock,” are by most authors looked on as of central origin, but it is not 
to be forgotten that the local symptoms are cut off by the rapid death, the 

ent on which general attention has been concentrated. Lewis has taken 
an interest in those animals which survived the anaphylactic shock. Thes 

fter a recovery from the first symptoms, look quite healthy 
rs; then they appear weak, tired, have watery eyes, and after twent: 

r hours one finds an intense local redness (after subcutaneous injec- 
tion), which may extend over the whole thorax and abdomen. Later on 
an ulcer of long duration may develop. If the animals die in this state, 


hemorrhagic necroses in the spleen, as well as changes in the blood an 


other organs, are found. 


CATTLE-SERUM IN GUINEA-PIGS 


blished 


In the last year Doerr and Russ have reexamined the data pu 
by Otto, Rosenau, Anderson and others, using cattle-serum instead of 
horse-serum. The possibility that the animals used for the experiments 
may be descendents of animals which had been used for standardizing 
diphtheria antitoxin introduces a disadvantage in the work with horse- 
serum, inasmuch as the results may be influenced to some degree by this 
relationship. This objection does not hold for cattle-serum, if it is 
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applied after heating to 56, thereby depriving it of its primary action. 
Doerr and Russ give the first injection subcutaneously over the xyphoid 
process on the breast. The reinjection, which I call farther on the test, is 
given intravenously in the right jugular vein. 

These authors make the test in the following way: the skin is scraped on the 
neck parallel to the jugular vein; the vein is laid free, and on both sides clamps 
are applied rhe point of the syringe is then introduced into the vein and the 
central clamp removed. After a slow injection of the serum the central clamp is 
again applied, the vein is ligated, and the skin closed with clamps. 


The time of incubation for the fully developed allergy is eight to nine 


days, when for the first injection 0.01 c.c. and for reinjection 0.2 c.c. are 
used. 

All animals tested nine to fourteen days after the first injection died. 
Of those tested after seven to eight days, only half died. Five or six days 
after the first injection only slight symptoms of an anaphylactic charac- 
ter were to be observed in the test. In intravenous tests made thirteen 
days after the first injection, the minimal fatal dose was found to be 0.04 
e.C.. while 0.01 produced distinct symptoms. The surely sensitizing dose 


leading to death on reinjection of 0.2 ¢c.c. was 1 mg. One one-thousandth 


mg. did not sensitize at all, and 0.1 and 0.01 mg. not in all cases. With 
these minimal amounts the incubation time of allergy is lengthened: 
After a first injection of 1 mg., the test made after eight days produced 
a deadly shock, whereas after a sensitizing dose of 0.1 mg., a d adly test 
was found only after nineteen days, and after a first injection of 0.01 mg. 
only after twenty-five days. The smallest toxic dose is therefore a thou- 
sand times greater than the smallest sensitizing dose. This is a fact 
which is of great importance in explaining several questions which have 


been raised as to the difference between the sensitizing and toxic property 


SYMPTOMS OF LESSENED SUSCEPTIBILITY—“ANERGY’- 
“ANTIANAPHYLAXIS” 


Whereas Arthus and Wolff-Eisner thought that the sensitiveness 
increased in intensity with each added injection, von Pirquet and Schick 
show in several instances that in man a diminution of the degree of sen- 


itiveness can occur. Furthermore, in serum disease hypersensitiveness 


and immunity cannot be absolutely distinguished. Rosenau and Ander- 
son found that after daily injections of horse-serum, an immunity was 
produced in guinea-pigs. Otto was the first who directly des ribed the 


} ¢ 


phenomenon which is now known as antianaphylaxis; that is, if a guinea- 
pig survives the acute shock and is injected again a short time afterward, 
it shows no more general symptoms. Whereas Besredka and Steinhart 
considered this state as a definite and lasting immunity, or even as a return 
to the normal state, Otto and Gay and Southard found that it is only a 


ver the doses whi h have been used in 


passing one and lasts longer the lar 
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the reinjections. I call this clinical phenomenon of lessening of reactivity 
“anergy” (lack of reactivity), in contrast to the term “allergy.” I apply 
this name quite generally to the absence of clinical manifestation of reac- 
tion; an instance of this anergy is the phenomenon in question, which was 
called antianaphylaxis by Nicolle (1907), who found that repeated injec- 
tions during incubation time were not only innocuous, but even immuniz 
ing. Besredka called this action of horse-serum pro] riété vaccinan e, and 
tried to prove that it was due to a body different from the sensitizing and 

} 


the toxic. We shall see later on that it is now absolute ly proved that all 


these actions are produced by the same body. 


Rosenau and Anderson tried to lessen the hypersusceptibility by other sub 
stances than the allergen (the horse-serum) itself. They used injections of pan 
creatin, sodium oxalate, pepsin, peptone, sulphate and oxalate of calcium twenty- 
four hours before the reinjection of horse-serum, but the action of the latter was 
not lessened. Kraus and Bied] found in dogs that peptone injected previously 
prevented the allergic reaction. Gay and Southard lessened the effect of the shock 
by injecting 10 ¢c.c. physiological salt solution in the peritoneum ten minutes 
before the horse-serum. 

It is immaterial whether the “antianaphylactic” injection is given into 
the brain, in the peritoneum, or subcutaneously (Rosenau and Anderson). 
If the animals survive the shock at all, which is most probable after a sub- 


cutaneous injection, they do not show any general symptoms after a 


second test made twenty-four hours later. 


Effect of Anesthesia on the Anaphylactic Shock.—Besredka made the remark 
that the anaphylactic phenomenon could be avoided completely if the animals 
were etherized before the second injection. Banghof and Famulener found the 
same effect after intramuscular injection of chloral hydrate. According to 
Rosenau and Anderson, this action of anesthesia is only an apparent one. Symp 
toms which would not lead to death are only masked by the anesthetic The ani 


mals do not show the states of excitement and } 


paralysis, whereas fatal doses are 
not at all influenced in their action by the narcosis. Kraus and Bied] came to 
similar conclusions, using dogs in their experiments. They found that the char 
lood-pressure was not prevented by the narcosis 


acteristic lowering of the | 


THE TOXIC SUBSTANCE 


This leads us to the question as to what substances in th 


e serum are 


the causes of the allergic phenomena. Here we must distinguish (a) the 


analogy to Detre’s expression “antigens”; (b) a substance whi 
poison after the reinjection (toxic substance); and (c) the substance 


hich acts protectively and causes the phenomenon of antianaphylaxis or 


one con 


anergy. It is a priori probable that a, b and ¢ are identical, i 


siders not only the symptoms in guinea-pigs, but also the serum disease in 
man. In the latter instance we have the great advantage that we know 
the symptoms following a first injection. Although there is some differ- 
ence between these symptoms and those of a second injection (no edem: 
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at the point of injection, no collapse), they have a great clinical similarity 
with regard to the fever, and especially to the urticarial-like rashes. 

Rosenau and Anderson took the trouble to prove the identity between 
a and 6 in guinea-pigs, examining separately the physical and chemical 
properties of the sensitizing and the toxic substances. 


} 


rhey found that these properties of the horse-serum are not altered by heating 
to 60 C, for six hours, but are both destroyed by heating to 100 C. for a quarter 
of an hour. They are not destroyed by drying, by standing for several years, by 
the addition of different chemical substances (butyrie acid, permanganate of 
potash, formaldehyd, alcohol, hydrogen peroxid, or by diastase, pancreatin, in- 
vertin, pepsin, or by atropin, strychnin, caffein, or finally by chloroform, trikre- 
sol, or by @-rays). 

Gay and Southard tried to solve this question in another way. They 
showed that the serum of allergic guinea-pigs sensitizes other fresh 
guinea-pigs; it contains therefore the sensitizing substance. Then they 
tried whether the same serum acts in a toxic way on other already allergic 
guinea-pigs. This not being the case, they came to the conclusion that 
the toxic and the sensitizing qualities were different. A thorough study 
of this question has lately been made by Doerr and Russ, who confirm 
absolutely the findings of Rosenau and Anderson. They state (1) that 
the sensitizing, toxic and antianaphylactic properties of the serum act 
quite identically on being heated. All these properties are destroyed 
when the serum was exposed to a temperature between 70 and 80 C. for 
an hour. 


Besredka claimed to have separated the two substances by heating. The toxic 
substance, he says, is partially destroyed at 56 C., and completely at 100 C., 
whereas he had “the impression that the sensitizing property is even a more 
intense one if the serum was heated above 100.” Kraus confirmed Besredka’s 
statements. The findings of Besredka and Kraus are probably due to the fact 
that drops of serum, which are left on the upper part of the test-tube, do not get 
heated as well as the serum at the bottom of the tube. On pouring out the sub- 
stance from the test-tube, these drops mix with the heated part. Such a minimal 
amount is enough to act as a sensitizer, but too small to produce toxic effects 
(Doerr and Russ 

Wells thinks that heating does not directly destroy the anaphylactic sub- 
stances, but inhibits their action only in making insoluble the albuminous sub- 
stances in which the active bodies are contained. Rosenau and Anderson con- 
firmed this hypothesis: they heated dry horse-serum and dissolved it afterward. 
In this way heating to 130 or 170 C. had no influence on the sensitizing property, 
or on the toxicity of the serum. 


Doerr and Russ say (2) that in fractional precipitation with ammo- 
nium sulphate, the sensitizing and toxic properties are both contained in 
the globulin fraction of the serum. The albumin fraction is ineffective. 

These results contradict the opposing views of Gay and Adler, who 
claimed to have found a difference between these substances by fractional 
precipitation. Sleeswijk dialyzed the serum against water. The sensitiz- 
ing property was retained, while the toxic was diminished. But he 
explains these results by the dilution of the serum. It must be remem- 
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} 


bered that about a thousand times more serum is required to elicit th 


toxic effect than to produce the hypersensitiveness. 


SPECIFITY OF SERUM ALLERGY 
If an animal be treated with a given allergen, its organism acquires 
an allergic condition directed only against the allergen used. Using a 
somewhat different substance for reinjection, the allergic reaction does 
not appear. Arthus stated that horse-serum produces hypersensitiveness 
only to horse-serum, cow’s milk to cow’s milk, so that animals treated 
with the one do not react to a later injection of the other. Von Pirquet 


and Schick pointed out the difference existing in this direction between 


} 


horse and pig-serum. These conditions have been studied extensively by 
Rosenau and Anderson. Guinea-pigs prepared with horse-serum do not 
react against other albuminous bodies, such as egg albumin or milk, and 
on the contrary, guinea-pigs which are prepared with these substances 


do not react when tested with horse-serum. Just as in the case of the 


precipitin reaction, the specificity to the blood serum is not absolute. 
Animals treated with the serum of one species will react not only on a 


the serum used previously, but with that of a number 


reinjection wit 


1 
} 


i} 


of an allied species, although less intensely. The reinjection with the 


serum of a number of a remote species is not followed by any symptoms. 

In contradiction to the statements of Gay and Southard that the 
anaphylactic reaction is not strictly specific, Rosenau and Anderson have 
lately demonstrated again sharp differences between egg albumin, horse- 
serum and cow’s milk. Uhlenhuth has proved that the precipitin reaction 
called forth by injections of organ extracts like those of liver, lung 
spleen, etc., is not specific for the organs used, but for all the organ 
extracts as well as the serum of the species. Thus, for instance, the 
liver of a dog does not produce a precipitin for the liver of the horse, 


ut for every organ of the dog. There seems to be only one exception, 
that is the lens of the eye. The extract of lenses forms a precipitin which 
does not react with other organs of the species from which the lens is 
taken, but with the extract of lenses of any other species. In analogy, 
Kraus, Doerr and Sohma found, that the anaphylactic reaction of the 
lens extract is not specific for the species but for the lens organ. 


Bornstein fed rabbits with lenses of cattle. He found that most of the animals 
died after continued daily feeding with this substance for several weeks. The 
relation of these experiments to anaphylaxis is not clear 

Ranzi tried to use the anaphylactic reaction for the differential diagnosis of 
malignant tumors, but it was shown that these tumors again produced no spe 
eificity depending on their kind, but depending only on the species of animals 
from which they were taken. 

Levaditi and Laijchmann proposed the question whether the sensitizing sub- 
stance is absorbed by the stroma of cells, and found that this is the case with 
red blood corpuscles, somewhat less with white corpuscles and brain cells. Vé« Vv 


interesting experiments in this direction have been made lately by Sleeswijk. 
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Gay and Southard have found that the injection of the serum of animals ana- 
phylactic against horse-serum, produces again anaphylaxis when injected into a 
second generation. As I think that this latter is to be considered rather as an 
active anaphylaxis due to sensitizing with a very small amount of horse-serum 
circulating in the allergic animals, I have not mentioned these results in the chap- 
ter on passive anaphylaxis. If it were a passive anaphylaxis, it ought to appear 
at least the next day and not only after a fortnight. This view is confirmed by 
further experiments of Gay and Southard, that such an injection had no effect 
when made with the serum of the second generation. The amount of sensitizing 
substance in the second generation is apparently too small to cause hypersensi- 
tiveness again. It might have been expected that a passive anaphylaxis would be 
transmissible also from a second generation. 

The same criticism must be applied to the views of Pick and Yamanouchi, who 
think that the serum of allergic animals acquires a new property of allergy dif- 


ferent from the allergen of the horse-serum. There is no reason for such a 
hypothesis, since the result can be explained very well on a simpler supposition. 

Not all albuminous bodies are capable of acting as allergens. Peptone 
acts only very weakly, and further products of digestion such as leucin 
and tyrosin not at all. I shall have to return to these facts in the last 
chapter. Rosenau and Anderson propose to use the anaphylactic proper- 
ties as a method of distinguishing higher and lower albuminous sub- 


stances. 


TRANSMISSION OF ALLERGY BY SERUM OF ALLERGIC ANIMALS—PASSIVE 
ANAPHYLAXIS 


Von Pirquet and Schick differentiated an immediate from an accel- 
erated reaction. The former depends on the presence of antibodies not 
identical with the precipitins, but formed in a similar way. These anti- 
bodies, when brought in contact with the allergens of the horse serum in 
the organism, produce a toxic substance as the result of some unknown 
biochemical reaction. Von Pirquet and Schick designated these bodies 
antikorperartige Reactionsproducle or antibodies of vital reaction. Later 
on I proposed the name of ergins for the same substances. By this I 
understood bodies which are concerned in the production of the altered 
reactivity of the organism. The term has a purely clinical meaning, 
and I do not connect with it any definite chemical or biological character. 
In the case of serum allergy, it has lately been demonstrated by Friede- 
mann, Friedberger, Doerr and Russ, that the antibody in question, the 


ergin responsible for this part of the phenomenon, is identical with the 


precipitins. In other processes certainly the altered reactivity depends 
on other kinds of antibodies. On the basis of the experiments of Babes 
and Preisich on tuberculosis, von Pirquet and Schick gained the idea 


that the allergy must be transmissible with the serum of the allergic 


animal. ‘Their experiments with regard 


allergy did not lead to sharply defined results. In these experiments 


to the transmission of serum 


horse-serum was injected following an injection of the supposed antibody 


(ergin) or horse-serum combined with this antibody. But when rabbits 
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were injected first wit! orse-serum and one day lat with the serum ol! 
an allergic rabbit, an edema occurred on the point of injection. Nicoll 
iowever, In 1906, obtains ocal edema if he injected first a large quan- 


tity of the serum of an allergic rabbit, and twenty-four hours later 


horse-serum. Otto was the first who produced an anaphylactic shock in 


animals, such as guinea-pigs, into which he had injected serum of an 
allergic guinea-pig twenty-four hours previous! He was also the first 
to study more closely the antibody question. He did not consider the 


antibody identical with the precipitin, or with the amboceptors, which 
cause a deviation of complement. The antibody did not suffer by heating 


to 55 C. and 


ts action was not altered by addition of complement. 


According to Rosenau and Anderson, the anaphylactic antibody in guinea-pigs 


ean best be demonstrated by the following experiment \ guinea-pig receives a 
subcutaneous injection of 0.01 ¢.c. of horse-serum, and is bled fourteen days after 
wards. fen c.c. of this serum after defibrination and centrifugalization ar 
injected subcutaneously into a new guinea-pig After forty-eight hours, the lat 
ter gets 6 c.c. of horse-serum subcutaneously, or 0.22 ¢.c. in the brain. Death does 
not occur frequently, but symptoms of an anaphylactic shock are generally ob 
served. 

The anaphylactic antibody appears in the serum at the time when 


the sensitiveness begins (Rosenau and Andersor 


antibody displays its action not only in animals of the same species, but 


also in animals of another species. According to Doerr and Russ, this 


is best seen when rabbits are treated systematically with the foreign 


serum, and when the serum of these rabbits is then injected in guinea- 





pigs. These authors worked out a quantitative test of the antibody, and 
proposed to take as a unit a serum of which 1 gm., injected into the 
peritoneal cavity of a guinea-pig, makes the latter so sensitive that 0.2 


antigen, injected intravenously twenty-four hours later, kills rapid 


When a mixture of the ntibodyv and the allerge1 s jniected. no 
. : 
immediate mptoms are seen; therefore it is probably ne ssar\ r the 
ni nnite firet 1] y sdor tn a ] 
antibody to unite first with the cells of the « en In order to display 
the effect of the antigen, it is then necessary that t nion be broken 
by a disintegration of the cells. When the anap ictie antibod S 
ted intravenous this disintegrat t t four hou when 
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animals. They never show slight symptoms after the test, but either : 
death or nothing at all. This state of passive allergy in the offspring 
lasts about two months (Otto). 
q 
ACTIVE ALLERGY OF NEWLY BORN ANIMALS i 
Schlossmann and Moll found that serum disease after injection of \ 
diphtheritie serum in nurslings is remarkably rare. Therefore, Moll made 
a study of the antibody formation in very young animals. Whereas 
grown-up rabbits always form precipitins, rabbits from four to eight 
weeks of age hardly ever produce them. Similar findings were made by 
Schkarin. Moll found furthermore that immune globulins and agglu- 
tinins are scarcely formed during this early period of life. In agreement : 
with these findings he was unable to produce a state of anaphylaxis at 
this time of life with repeated injections of albumin. These results are 1 
of great importance, inasmuch as they may throw light on the occurrence 
of the first symptoms of lues, as well as on the tuberculous infection : 
during the first months of life (Rietschel). 
Studving the changes of the blood in connection with the serum 
disease and serum allergy, Hamburger and Moro were the first (1903) 
who found that man forms precipitins after the injection of horse-serum. ‘ 
Precipitin was present after the appearance of serum rashes; therefore 
they suggested a connection between serum exanthema and precipitin for- 
mation, without looking on the precipitation itself as a cause of the rash. 
Francioni, Marfan and Lemaire pleaded for this direct connection, 
whereas Rosenau and Anderson, Otto and Arthus were not in favor of it. 
Von Pirquet and Schick found in men no determinable relationship 
between the appearance of precipitin and serum disease, and in rabbits 
between precipitin formation and immediate reactivity. They reached, 
therefore, the conclusion that the production of the substance concerned 
in bringing about the clinical phenomena—the antibody of the vital 
reaction—may run parallel with the formation of precipitin, but that 
the antibody is not identical with the precipitin. Lemaire, in serum ‘ 
disease of man, found precipitin in only about half of the cases. As a 
rule it appeared one to five days after the beginning of serum symptoms. 
The most important analogy between allergy and precipitin formation . 
is that the appearance of both is accelerated after reinjection. For the 
precipitin this has been found by von Dungern and confirmed by Ham- 
burger and von Pirquet and by Lemaire. Rabbits always form precipitin 
after subcutaneous injection of horse-serum. It appears between the 
eighth and fourteenth day, or on an average after ten davs: after rein- 
jection it appears within three to ten days, or, on an average, in five days 
The relation of precipitin and serum allergy has already been very 
often discussed. Within the last year much light has been thrown on 
this relationship. Friedberger, in May, 1909, advanced the theory that 
‘ 
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. nomonic, since they occur in other acute toxic cases 
CONDITION O ril LEUKOCYTES 
I t take into c¢ tion the acut anges are found 
in t t r after a st ir tion (Har rger and von Reuss) I 
( 1 se cha : 1 s onous wit the normal 
tit disease They wer dit von P et and Schick 
d Bienenfeld After a ikoeytosis « g the 
I t I t tween : I il ninth da lif yp l 
sets comes to a minimul between the tenth and nineteenth 
ays, and then slowly disappears. This leukopenia is characterized by a 
lecrease in the number of neutrophil granulated polymorphonuclear 
leukocyt \ large number of transitional forms and large mononuclear 
cells at end of the leukopenia, suggest a destru yn of leukocytes 
(B Lazar found in rabbits a similar leukopenia after an 
ne e of several days. Concomitant with an accelerated reac- 
tion in mer é sharp fall of the number of leukocytes was found by 
yon Pir et and S K 


CONDITION OF THE COMPLEMENT 
Francioni states that a lack of complement is found in serum disease. 


] 


This corresponds to the findings of Ehrlich and Morgenroth and Moreschi, 
who, after the first injections of rabbits with serum, found the comple- 
ment diminished between the eighth and tenth days. Sleewijk made an 
exact examination of the alexin content after the anaphylactic shock. 
He found a very intense but rapidly disappearing decrease of the alexin. 
Thirty n tes after the injection, the amount of alexin fell to a mini- 


mun ne: after two hours, however, it is again normal. 


OTHER PHENOMENA 


Sleeswijk also proved an intense injury to the red blood corpuscles 
iring the anaphylactic shock; Kraus and Biedl, intense decrease of the 
blood-pressure and of the coagulation time of the blood. Of this I shall 

peak later on. Pfeiffer described as an anaphylac tic symptom the lower- 
ing of the body temperature, which is also mentioned in Vaughan’s 
works. This phenomenon seems to appear only under certain con- 


SYMPTOMS AFTER THE INCORPORATION OF OTHER ALBUMINOUS BODIES 


The toxin of actinias. which Ri het used in the first systematic studies 
of anaphylaxis, has some relation with blood-serum and belongs probably 
to the eel-serum group. It acts as a primary poison on dogs in amounts 
of 1.2 gm. per kilogram, but death occurs only after four to nine days. 
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Aft e reinjection, an ils die 1n a fal ter time iv two hours 
ind afte 1 small amount R t states t I l iXIS a irs 
7) alte everal days By ex ction he t r { t ssin 
ind the congestin, the latt eling vé ! ! 
He thought that it also acted in a n er ¢ ry (ana tic) t é 
oO! of th first comp nent, to w Dp ti 
y luence. 
I result of Weichardt and Wolff-Eis? tried to obtain Pfeif 
r’s phenomenon after injection of differ ma ; 
this roup Wi Kisner injec ea a 8 V { and 1s 
ttle, and stated that the second or late ! tior da fatal effect 


eenth centuries were sometimes followed by urticaria, a phenomenon 
must be considered in conjunction th normal serum disease 

of mar 
As early as 1895 Flexner stated that animals often died after several 


injections of blood. Wolff-Eisner, in 1904, investigated the lvsis of 


ood-corpuscles in the peritoneal cavity of guinea-pigs. 
i . i 
After the first injection the erythrocytes remained quite unchanged from three 
to four hours. After twelve to eighteen hours polynuclear exudation appeared 
containing some macrocytes and a small number of phagocytes. This exudate 


increases slowly, and after sixty-four hours all macrocytes are filled with blood 
corpuscles. Hardly any extracellular lysis occurs. If the injection is repeated 


} } 


after five days, the phagocytes begin to appear after an hour and a half, and there 
is besides an extracellular lysis. If a third injection is performed after ten days, 
hemolysis begins within fifteen minutes and ends within three hours before the 


appearance of phagocytes in larger numbers. 


Friedemann lately tried the injection of washed blood-corpuscles 


of cattle in rabbits, and finds that an anaphylactic shock occurs if a 


ond injection is made after the appearance of hemolysins in the serum 
of the rabbits. Antianaphylaxis could not be produced, but a passive 
inaphylaxis can easily be demonstrated. It seen best on a simultane 
( njection of blood-corpuscles and antiserum in certain quantitative 
proportions. The antibody is thermostabile and propa ly identical wit! 


the hemolysin itself. 
[ have mentioned previously that Rosenau and Anderson tested a 


] 


reat many albuminous bodies, and found that hemoglobin, egg albumin, 


and extract of peas act analogously to serum. ‘The effect of injections 


of milk was studied by Arthus, Rosenau and Anderson. 


Recently Besredka investigated all anaphylactic phenomena observed after 
the injection of milk. He used boiled milk, 1 ¢.c. intraperitoneally as a sensitiz 


ing, and 0.25 c¢.c. injected in the cerebral cavity as an anaphylactic dose He 
obtained very curious results with regard to the antianaphylactic substance. He 
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contends that it is conserved after heating to 135 C., when both the other prop- 
erties, the sensitizing and the toxic, have been destroyed. And this antianaphyl- 
actic condition could be produced by giving the milk per rectum, and even per os. 


ALBUMIN OF BACTERIA 


¢ 


The early experiments of Arloing and Courmont and especially of 
Rist, working with diphtheria bacilli, must be mentioned. Rosenau and 
Anderson tried the action of extracts of colon bacteria, yeast, etc. and 
tubercle bacilli. The sensitiveness appears after ten to fourteen days. 
Vaughan and his pupils also worked in this direction but from a differ- 
ent point of view. By extracting bacteria and albumin, they obtained 
two substances, one of which showed an immediate toxic action while 
the other acted only as a sensitizer. Kraus and Doerr tried to use the 
anaphylactic reaction for an exact differentiation of bacteria. The para- 
doxical phenomenon and the work contributed by Behring and Knorr 
with diphtheria and tetanus toxin have already been cited. 


Axamit found that after the injection of yeast, rabbits are allergic even after 
six days; the anaphylactic state is of only short duration and disappears after 
three to four weeks. The time elapsing before the appearance of the anaphylaxis 
and the duration of the latter seem to be very short, when we compare these data 
with those obtained by Rosenau and Anderson, moreover keeping in mind our 
knowledge about similar processes. 


URTICARIA 

We return from our excursion into the field of animal experimenta- 
tion to human pathology. There is a disease having a great clinical simi- 
larity with serum disease, that is, the urticaria which occurs after eating 
certain kinds of food or after coming into contact with substances against 
which a so-called idiosyncrasy exists in an individual. Wolff-Eisner was 
the first w] laimed that these processes were to be considered as hyper 
sensitiveness against albumin, and were to be brought into analogy with 
the animal experiments. We see here the highest susceptibility to min 


mal amounts of substances innocuous for normal man. Until now the 


diffi y existed that the analogy between these phenomena and the 


experiments with serum was incomplete, inasmuch as it was not known 


whether this sensitiveness was inherited or acquired. In order to con- 
struct an ana _ it has to be supposed that the first introduction of the 
substance under consideration should not cause any toxic symptoms, and 


the aijlergvy against a second introduction should betray itself only when 
after the first introduction sufficient time has elapsed corresponding to 


that required for the formation time 

Satinwood Dermatitis —This supposition has been realized thus far 
in one form of idiosynerasy, the satinwood dermatitis. Wechselmann 
ives the history of a carpenter who felt an itching in his lower arms 


eight days after beginning to work on satinwood. Fourteen days 
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after the first work, suddenly severe pains in the 


lower arm set in wit] 
an erysipelas-like reddening and swelling of the lower arm 


g | and of the 
face and neck, with Spots of moist eczema. Two other workmen becams 


iUl 


ill ten to fourteen days after their first contact with satinwood. As the 





work had been continued daily, it is not quite ¢ lear whether the sy nptoms 
are to be considered as analogous to those of normal serum disease. ca ised 
by first contact. or as an anaphylactic reaction caused by the last 
incorporation. The latter explanation is more probable, because from 


that time minimal amounts of satinwood acted immediately. Wechsel- 
1 


mann made the test by rubbing the cheek with the dust of satinw: od. 


Two hours afterward a reddening appeared ; after two more } ours, moist 
de rmatitis. The ] 


ypersensitiveness against primroses also appears after 
1 and Nestler, 


an incubation time of ten to sey: nteen days (Hirth, Priz 
clte d by Wee | selmann). 


Idiosyncrasy Against Egg Albumin.—In th 


IS an incubation tims 
after the first incorporation has not vet been prove 1. but here we ive 
exact descriptions of th immediate reaction. Landmann gave to a man, 


who knew his great idiosynerasy against egg album n, 
amount of it, about the size of a pea, on the point of the tongue. After 


fifteen seconds th« man felt a burning, then appeared a swelling of ¢] 


tongue and an intense edema of the palate and the throat; later on saliva 


i i 


regan to flow. the eves became wat rv, and there was a burning in the 


Eustachian tubes and vomiting. Fifty minutes after the test. ¢] 
oose Movement took place. Witl in some hours the patients’ 


} 


twelve times, an intense weakness made itself manifest hut radual 


very set in alter eight hours: the atta: k then was complet 
Landmann tried also the application on the sl In. After ten s he 
W a urticaria-like « rythen a. In this patient eC! ! n ¢ a 
| been noted when he was a ear old, after taki; ( 
3 nint ear the influence of egg 1 had 
ed first, 
Here we see reactions of skin and muc. Ss me ne uit 
r , ch S] iller doses t} n ose nre t Sey 
nimais. Similar small amounts wi find sufficient to produce r 
V fever and in tuberculosis 


€ to show a typical cutaneons I tion wit vheat flou I 

t is 2 man aged 45. The first atta ! l at t of 9 
irs, when after eating buckwheat ca ne suffered with a « 

rticaria and nausea, Since that tin nis sensitiveness to t 

iched such a degree that he c ld detect the idulteratioy ent 

d other spices with buckwhy it by his reaction On W. S. Thave 
ivice, the patient was vaccinated with buckwheat \t the same time a 
cination w wheat fl was made. and thre non-susceptible persons 
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were vaccinated with both kinds of flour. In this manner the specificity 


of the patient’s reaction to buckwheat flour was shown. 


Within fifteen minutes after the vaccination, the patient complained of a tired 
feeling in his chest and of nausea. He began to cough,, asthmatic sounds were 


heard, and there was a rapid pulse which soon became intermittent. A suffusion 


of the conjunctiva was also noticed, together with an erythema mostly on the 
upper part of the body, intense pruritus, a slight swelling of the face, hands 
and fingers, giddiness, restlessness, and unsteadiness of gait. At the point of vac- 
cination there was a urticarial wheal the size and shape of a half-dollar piece. 


The most important problem awaiting its solution with regard to the 
urticaria is the determination of the incubation time of the first attack, 
and furthermore the elucidation of the different allergic phenomena 
coupk vith subsequent attacks. In this connection the observations 
recorded by Bruck are of great interest. A man reacted with an urticaria, 

wh time after eating pork, betraying in this manner an idiosyncrasy 


against this meat. Bruck was able to demonstrate the presence of an 


anaphylactic antibody to pig-serum in the patient’s blood during such an 


attack. The blood of the patient was obtained by puncture of a vein, 
allowed to coagulate and 10 e.c. of the serum were injected subcutane- 


ously in guinea-pigs. Twenty-four hours later 5 c.c. pig-serum heated 
to 56 C. were injected. The animals showed a typical shock. Other 
guinea-pigs first treated with normal human serum did not react. 
Insect-Poisonin }. It is a well-known fact that the reaction of differ- 
ent individuals to the sting of bees and wasps varies within very wide 
limits. We here have a range between immunity and all degrees of 
hvypersensibility, The reaction to the bites of fleas and mos yuitos s shows 
the same width of scope. No efforts have been made, thus far, to make 
these everv-day observations the subject of exact investigations, and to 
consider these phenomena in analogy with the known allergic reactions. 
Eclampsia.—Rosenau and Anderson advanced the theory that the 
toxemias of pregnancy might be due to hypersensitiveness against soluble 
protein substances deriving their origin from the fetus or the placenta. 
Weichardt in 1901 had already tried to explain these toxemias on the 
basis of “cytolytic antibodies.” Rosenau and Anderson found that 
guinea-pigs could be sensitized by extracts of placenta of their own 
species when the placenta was autolyzed. The theory of Rosenau and 
(Anderson would gain much in strength if it could be shown that the 
injection of placental elements in the skin of eclamptic women gives 
rise to a local reaction, or that the serum of the patients yields a precipi- 


tate when brought in contact with placental extracts. 


HAY-FEVER 


Individuals subject to hay-fever show a uniform series of symptoms 


at certain definite seasons, either in early summer or in autumn. These 
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symptoms aré¢ reddening and swelling and watering of the eves, sneez 
it a sore feeling of the throat and ! sthn troubles 
Elliotson in 1831 was the rst to show that t cause of this disease 
was to s rnt in certain = OL } ( I his observations were n 
firmed Blackle ind Dunba In this connection it is of special 
nterest that w re able to prod ce this disease t land at a time 
eVveT n WII I by exposing in id i S ect o } -lever to a SI il] 
amount of pollen, while normal individuals do not react in the least 


have ed mainly in the presentat of this subj 

Phe len test is usually made in t r mann One centi- 

m ¢ Ollen is taken pind ex p s il It solution [wo 
drops of this solution are applied to the conjunctiva. Normal individuals 
é at the most a slight itching: subjects of hay-fever react with its 
typical symptoms. A few seconds after t stillation, an itching is felt 
in the eye, particularly on the \fter 1 lapse of a few n tes 
the conjunctiva becomes injected and this injection rapidly advances to 
a chemosis. The nasal mucous membrane swells, the patient begins to 


sneeze and finally asthmatic symptoms supervene. The analogy of this 
reaction to serum disease and to hypersensitiveness to tu 
strengthened by the in portant fact that the adn inistration of pollen 
through other channels leads also to inflammatory symptoms. Dunbar 


experimented with subcutaneous injections. 


One minute after the injection the patient became giddy; fifteen minutes later 
he began to sneeze; and after two minutes a cough, reminding one of whooping 
cough, started. This cough lasted very long At the same time a discharge from 
the nose was noted, with a swelling of the nasal passages The conjunctiva 
became chemotic, the face swollen and cyanotic. The mucous membrane of the 
larynx participated in the inflammation, accompanied by an inspiratory stridor 
On the point of injection hives made their appearance The symptoms lasted 
nearly twenty-four hours. The injection in normal individuals was not followed 


by ill results. 


The conjunctival reaction is elicited on an average after an instilla- 


tion with a 1 per cent. solution of pollen (Wolff-Eisner), but in a subject 
of high sensitiveness even 1/40 of a milligram is sufficient to produce 


symptoms (Luebbert). 


VACCINIA AND SMALLPOX 
Of all infectious diseases, cowpox is best fitted for exact clinical and 
experimental studies. The first vaccination in healthy children shows an 
extremely constant symptom-complex. Some minutes after the vaccina- 
tion, a traumatic reaction, in the form of a very slight redness, appears, 
which lasts for about one day, and leaves a small scab surrounded with 


normal skin. On the third or fourth day a small red papule appears, 
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which indicates the beginning of the specific reaction. Between the 
fourth and the sixth days, the middie portion of the papule becomes more 
elevated (“papilla” formation), the outer part becomes flat, and forms 
a small red circle then the “aula” around the papilla. From now on, the 
papilla increases in size quite regularly, about 1 mm. a day, and the solid 


la remains of the same 


ie extension of the papilla. 


papule is transformed into a blister. The au 
width, and is protruded only by t 

Between the eighth and the eleventh days the aula increases to a large, 
slightly elevated inflammatory plaque, the “area.” The papilla ceases 
1 days 


en disappears slowly, 


to grow and becomes yellow. Between the eleventh and the fifteent] 
the area reaches its highest development and t 


1 
} 


whereas the papilla dries and a large scab falls off, leaving a scar. During 
the time of the area formation general symptoms appear in association 
with this local reddening. The special features are fever and leukopenia. 
On revaccination, characteristic changes of reactivity are seen. If daily 
vaccinations be made for a fortnight, the allergy evinces itself most 
distinctly. Here it becomes necessary to regard separately the growth 


of the papilla and the formation of the area. The papille of the later 
vaccination appear in order corresponding to the day of inoculation, and 
are not much influenced by one another. The development of the area 


behaves quite differently. The most striking feature of it is that this 


inflammation appears on all the vaccination points simultaneously. 
Although the vaccinations were made on successive days, the area develops 


around all the vaccination points at the same time, that is, at the time 


when its development is due on the first vaccination points. From now 


on the papille also of the later vaccinations stop growing as does the 
papilla of the first vaccination. In those vaccinations which have been 
ade from this time on, the state of papilla formation is no longer 


reached. Another type of reaction occurs, “early reaction.” In this 

reaction a papula is formed, reaching s maximal development in 

twenty-four rs and from then on gradually disappearing. Whenever 

the vaccination is repeated later this formation of a papula takes place. 

If, however, several months or years have elapsed after a first vaccination, 
laced } 


vy another 
i DY anorne 


on repeating it, this tvpe of very early reaction is replac I 
Here the reaction occurs somewhat later, within the second day. reaching 


its maximum on the third or fourth day (“torpid early reaction”). The 


longer the interval of time between the first and second vac ination, the 
more frequently more intense reactions are seen going on, perhaps, to the 
formation of papilla and area. Nevertheless these reactions still show 


some difference from a first vaccination, inasmuch as the area develops 
sooner and therefore the growth of the papilla is interrupted at an earlier 
stage (“accelerated reaction”). The area generally does not reach the 
size of that of a first vaccination: only exceptionally it shows very large 


dimensions (hyperergical accelerated reaction). As in serum diss ase, the 
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allergy in smallpox is completely analogous with that in vaccinia. 


} " 


so a typical early reaction appears in frequent revariolation 


( eS ¢ ar, n Mudge) we se t! é rated reaction in the 
d stule formation \ new element wit] t analogue in 
1 is the “varioloid” exanthema, an allergic modification of the 


exanthema. The hemorrhagic variola met with in healthy 
: 
r 


iving been vaccinated in their early vouth, I consider as an 
on to the hyperergic reaction in vaccinia. 
t s Injections of Vaccine Knoepfelmacher gave an analy- 


he s toms after subcutaneous injections of vaccine, according to 


n cutaneous inoculation. After the first injection of an 





an infiltration and an erythema on the point of injection is 


noticed between the tenth and the fourteenth day be the ervthema (corre- 
sponding to the area) disappears after some days. ‘The infiltration 
(corresponding to the papilla) is slowly absorbed. On daily successive 
injections of lymph in a first vaccinated child, all reactions appear simul 


taneously with the reaction of the first injection point. Later injections 


This early reaction is much more marked after an injection than 


after a cutaneous inoculation, and its extent is dependent on the amount 


of lymph injected. After an injection of 0.1 gm. of lymph, intense red- 


dening and swelling appear, giving place, with smaller doses down to 
about 0.01 mg., to a slighter reaction. Such a reaction is also found after 


f ‘ 


inactive lymph, whether it has been heated up to 70 C., 


or deprived of its virulence by the action of blood-serum of vaccinated 
persons \ heated lymph does not give well-defined local symptoms 
when used in an individual not previous vaccinated. At the same 


time, however, it establishes an allergy, although not so marked as in 


vaccination or lation with virulent lymph. Cutaneous inoculations 
I ( te njection of heated lymph are followed by an “accelerated 
react O1 exceptiona the all is so intense that a cutaneous 
reino without effect, and a subs ls to an “early 
reactiol 
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somewhat corresponding to its height, there are general syn 


} - i 1 an 


weakness, and 


shows a swelling sharply defined and hard. On the second day the heat 





and pain diminish, while the swelling extends to the sides, and the greater 
part becomes softer and in from three to eight days disappears, leavi 


no trace, 


Wladimiroff in 1905 had expressed the opinion that this edem: 


r 
r 


and a sign of some immunity “We must consider this enormous accumulation of 


fluid, found around the inoculated toxin, as a specific means of defence, of which 


only the infected organism is capabl rhe result of several of our experiments 
confirms this idea, for it was found that this fluid neutralizes the toxic action of 
mallein.” 

3. Cutaneous Reaction.—Vallée, repeating my experiments on animals, 
extended his investigations with mallein to horses afflicted with glanders. 


He describes an intense papule formation, setting in eight hours after 
the vaccination. Later a papilla develops which disappears more qi 
than a tuberculin reaction. The cutaneous test with mallein in man is 
also followed by an intense local reaction. Martel observ 1 it on himself 
fourteen years after having passed through an attack of glanders. Con- 
trols made on healthy persons showed negative results. 

1. Percutaneous Reaction.—Schnuerer rubbed the shaved skin with a 


rough cloth and afterwards with mallein. <A diffuse and hot swelling 


very marked. An abundant discharge of pus, an intense swelling of the 
conjunctiva and the eyelids appears within twelve hours and reaches its 
maximum in twenty-four hours. Schnuerer recommends to begin t 


examination with a conjunctival test. When positive, the horses are 


Ss taneous injection and a tinatior De Blie K ( e to similar 
results. He has ther proved that the incorporation of ma n does 
not cause an alle n healthy animals, and that horses wit rlar g 
( not react with tuberculin 
ACTINOMYCOSIS 
Corresponding to the close clinical connection between actinon 

and tuberculosis, it is to be expected that cutane ar tar 

ind ‘4 ( Up t I t 
t we ow only of experiments or ts, Ww | that 1 

mpt sof s ness appear alte tor me rein- 
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LEPRA 


De Beurman and Gougerot made experiments with leprolin of Rost, 
an extract of lepra bacilli analogous to tuberculin. Its action in leprosy 
is similar to that of tuberculin in tuberculosis—fever and focal reactions. 
These authors could not produce cutaneous and conjunctival reaction, 
probably because the extract was too weak. Leprolin and tuberculin are 
related; their action does not seem to be strictly specific, so leprolin 
causes fever in tuberculous people and vice versa. It has been known 
for a long time (Joseph Kaposi) that focal reactions can be produced 


by tuberculin in leprosy. According to Klingmueller, the histological 


findings are not identical with those in tuberculous foci. 


SYPHILIS 


The course of syphilis indicates that this disease will prove a very 
interesting field for the study of allergic phenomena. Thus the primary 
lesion appears after an incubation time of two to three weeks; in the 
secondary state it manifests itself in periodical waves of different general 
symptoms; the primary, secondary and tertiary lesions show a qualitative 
difference. \t present, besides the theoretical studies of Detre, the find- 
ings of Finger and Landsteiner are the only exact data at our disposal. 
They state that after a second infection of monkeys with syphilis, the 


incubation time is abbreviated, 


and further, that contrary to the general 
opinion, syphilitics are not immune in every state against repeated infec- 
tion, but react with local specific phenomena. In tertiary syphilis the 
reaction after an injection of syphilitic material is sometimes a 
definite local erythema which reminds us very much of allergic pheno- 
mena in serum disease and tuberculosis. Finger and Landsteiner 
obtained these signs of an immediate allergic reaction after injection of 
syphilitic tissue which, of course, contained besides a small number of 


micro-organisms of syphilis, a far greater amount of body fluid which 


10t only diminishes the concentration of the virus, but probably neutra- 


lizes it to a certain extent. I personally feel quite sure that it will be 


possible to make the diagnosis of syphilis by means of cutaneous and sub- 
cutaneous inoculation as soon as the syphilis virus can be obtained in 
pure cultures. This will be necessary in order to prepare extracts like 

] 


the tuberculin, containing the virus without admixture and in sufficiently 


concentrated form. Meirowsky tried cutaneous reactions with extracts 


and filtrates of his cultures of Spirochata pallida, but did not react 


definite results. I do not consider this negative result as a final one, par- 


ticularly because he was unable to produce syphilis in animals with his 


(To be continued 
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Despite the numerous observations of recent years on the subject o 
iuriculoventri ar dissociation there son that emains unexplaimmer 
lwo cases Of heart-block. W ‘ cure hdter oul sel ition during the 
past vear, have presenter features of st nusua nterest as to yust 
special consideration 

("inh / 

{dams-Nt hes vn ; ‘ partia and « plete a if ‘ ila a8 
fion without essential lenathe aqofthea-ct ‘ vf ‘ lied i certain phase 
f partial hlock of ati spin recove 

\ man, aged 53, consulted one of us on Nov = 1 OS His tather 
lied at 65 of angina pectoris In other respects there was nothing of note in the 
family history He had been a man of excellent habits, was in active business 
ind had always been well and strong As a voung man he had what was probal 
typhoid fever He was married and had had two children There was no history 
of venereal disease He did not drink, but had been a rather heavy smoker 
pipe and cigarettes and had been in the habit of taking verv active phvsical 
exercise bievele riding For the last two vears he had been rather more easi 
tired than previously This had not, however, interfered with his work 

Present Illness Nine davs before consulting me he awoke in the morning 
with a feeling of nausea Shortly afterward he heard some one call Did vou 
fall?” and found that he was on the floor He realize that he must have 
fainted On the following morning. while in the bathroom he again t cor 
sciousness and fell to the tloor Dr. Earnshaw w he vas summoned immediately 

| found that his pulse was exceedingly slow and irregular The patient was put 

to bed The pulse remained slow and irregular Attempts t move or rise were 
followed by slight, general convulsive seizures, of hich the patient was quits 
unconscious Several of these occurred during the da These were accompanied 
by sensations Of impending death is if, as the patient expressed it he was 
just going off: they began with a sinking feeling, as if “something were going 
There were frequent attacks of vomiting throughout the day, and the sensations 
of tlushing and sinking lasted for two days lhere was at 1 time an pair 

3 [he urine showed a slight trace of albumin Since that time e has felt a ttle 

: weak, but reasonably well 

4 Physical Exvaminat \W Ss l lhis showes t healtl | king mut 

4 good color The pupils were equal, responding quickly t ght and accommoda 

' tion The pulse was 66, the radial just palpabk ightlvy more s« 1 the left 
than on the right. probably a little thickened lhe rhvthm was regula ilthoug! 
while feeling the pulse off and on for about two minutes ne intermission wh 

] An excellent account of the features of this remat ible ease bserved by 
Dr. Earnshaw may be found in Am, Jour, Me s O10, 508 
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it the time was revarded as an extrasvstole, was felt The pulse showed the 
normal respirator Variations it was accelerated by deep inspiration, siower at 
the beginning of expiration Pressure Janeway maximum, about 150; mini 
mum, apparently between 110 and 120 

Dhorax Svmmetrical: costal angle, about 90 Hleart Point of maximum 


impulse not visible or distinetly palpable when patient was in the dorsal 
lecubitus On percussion the dulness extended to a point in the fifth space just 
r 


outside the mammillary line, about Ll em. from the median line, to the right. 3 


em. from the median line The first sound was heard loudest at about the point 
of outermost dullness lhe first sound began fairly sharply, and was continued 
into a blowing svstolic murmur of moderate intensity which, however. was lost 
before the midanxilla lhe murmur was a little louder in the aortic area than 
elsewhere ind the aortic second sound was a little sharper than the pulmoni 
second Ihe same systolic souffle was heard rather louder in the xiphisternal 
noteh In the erect posture the murmur was not audible in the back, and was 
heard with diminished intensity*at the apex, but remained of about the same 
intensity at the base Lungs Resonance and respiration everywhere cleat 
Abdomet Natural Liver Not distinetly felt, the dulness extending about a 
finger’s breadth below the costal margin in the mammillary line and, in the median 


line, a little below the xiphoid 


Cardiographic and sphymographie tracings were taken on the same day 

They showed the pulse to be regular, at the rate of 63 to the minute lhe jugu 
‘ lar tracing Iracing | showed a well-marked a wave. followed by e¢ and 

waves The a-c time averaged 0.18 second 

Course of Disease The patient was advised to lead a careful life and to 
ivold excitement or overexertion Ile remained perfectly well up to the last week 
in December hen there was a recurrence of attacks similar to those from which 
he had previously suffered From Dee, 27, 198, until May 15, 1909, the patient 


has been under constant observation in Bryn Mawr under the care of Dr. Earn 
shaw, or under our care at the Johns Hopkins Hospital 

During this time there have been three periods in which he has had attacks 
f bradyveardia, often associated with syneopal attacks or convulsions Tr the 
intervals between these periods the pulse has been for the most part regular and 


fa normal rate. and the general condition has been in the main satisfactory 


The first recurrence of attacks lasted from December 27 until January 16 
these attacks were more severe than those which occurred during the later periods 
During sixteen davs there were two hundred and three hours in which there was 
listinet evidence of partial or complete heart-block The longest individual attack 
lasted ntinuously for ninety six hours During the second period, which lasted 


from March 15 to Mareh 20. there were seventeen hours of heart-block on six of 


the fifteen davs. During the third period, from April 1] to 19, there were sixteen 
wurs of block on five of the nine days \ fourth period, lasting from June 
until August, occurred while the patient was under the eare of Dr. Earnshaw of 
Bryn Mawr, Pa These have been deseribed by Dr Karnshaw Since August 


the patient remained in good health until the latter part of February ole 


vhen, while walking on the street in Philadelphia, he sud lenly fell to the ground 


There was a momentary loss of consciousness By the time his physician saw 
him his pulse was regular and of normal rate In May the patient again sud 
denly lost onseiousness and for nearly a week the pulse was verv slow and 
irregular and numerous <vncopal ane onvulsive ittacks oecurres Sinee then 


he has heen ipparently well 





GENERAL CILARACTER OF rit ATTACKS 


The general characteristics of the attacks were similar. They always 
: , , 
began with a sudden fall in the rate of the pulse, often to about 30 beats | 
to the minute The onset was usually without apparent cause Som 
% 
. 
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force OL the uise, an sometimes an apparent mtermisslor in 


ral occasions one of us (F. W. P.) saw the patient during the nig! 


was able to observe these periods during which the pulse seemed t 


ecome pecullal sina ut we were never able to obtain records whic! 
mitted is to determine the exact iracter of the oc« iwiona nrermis 
esc! ec] Tie I “4 
CLINICAL NE Ss ON SPECIFIC ATTACKS 
‘ ent was seen om is (W. S. T.) on Jan. 2, 1909, 11 
tat n wit Drs. Earnshaw Stengel and Pepper, buy ng one ot the 
rest attacks Phe oOlowilny escription Was made from notes taken 


<i 


Tracing 2.—Case 1; Mareh 1, 1909. Right jugular and brachial! Normal 


B 


iwthm: a-c time averages 0.2 second 


\t that time the patient was ne im bed. exceeding pale, so pal 
at at times e looked as it e were actually dead He appeared t ( 
erv weak. spoke but little. and then but a few words at a tim \n 
ffort to speak was. as a rule, followed by a convulsion As one observ 
re patient. who lay motionless. with his eves closed, the pallor seemed t 
nerease until the tace was almost absolutely colorless, the respiration 
eased and the appearance became truly that of a corps The breathing 
vas slow and irregular, somewhat suggestive of the Cheyvne-St s type 
ing pauses with occasional deep breaths between. The respiration seemed 














" Til 1LROHIVES Of INTERNAT VEDICINI 





) ! Tect on the ra if puls \t t es several short respirator 
! rhe ts ! rtictthal deep 0 yen One other ! rather rap 
: <s wer three res ations were counted in three minutes 
Phere we it times vel on periods oO ipnea, W were sua asso 
ite wit ! ! mtermissions between entriculatl ontra ons | ‘ 
~/ \ ! ir, otten neieed sua occurring n groups of 
an eats ! tw strong ix = Tollowed one or two teebler beats 
‘ ne ip ces mn is on itan rate. of these beats were an 
Phere were between 20 and 30 beats to the minute. During 

. " tes 1 re ere 2S, 25. YS. 25 beats, respective 
\ft : ! hnatses, s etimes amounting to as mute is twent\ 
‘ his ! \ eh there was often apnea, the patient turned s head 
S to right, rolled his eves upward ecame rigid and showed 
slight ! sive W ements as deseribed above Short! liter the begin 
ning o tive ol sive movements there was usuall a venera fl I= ne’. a 
een reat ! roluse sweating The flusl] apparently coin ded with 
the return « t] racial pulse The same flushing, sweating and deep 
resp tol ere associated with the return ol pulsations after shorter 
periods « ntermission and apnea. periods which had not been followed 
. n sive movements. On this date Drs. Stengel and Pepper had 
taken severa tracings ot the radial and ] vular pulse whicl showed 
»pparently. complete heart-block. the jugular pulsating at a rate of about 
i indred and the radial showing no evident relation to the jugular beats 
\ wee ater. Jan. 0. 1909, one of us (W.S. T.) saw the patient agau 

n consultation with Dr. Earnshaw. when the following note was mad 
patient is heen on the whole better The pulse at times has 

n fa ar. between 50 and 60 to the minute. and the conv 
sions een fewer IIe has been able to take more food and ther 
nol ti The condition to-da s entirely different fron 
{ 1 wee Ile looks mu etter His color is better and the 
i thi em now it times. as i is 40 to the minute it times 
( er, o1 20 or 50 It occurs In groups of 6 to 10 beats at re ! 
nt ils { i amounting, sometimes, to as mule is teen set 

Is wit ir pulsations i! “v seen pertect wi mn the me 

' t e heard einer nt rm ‘ over the heart Phe accu 
( nea : it a rate from 59 to 60 to the nute Wit 

‘ mn e apex impulse of thi eart. or on the wrist, and the eve 7 

! “dont 1 ir in wht thie and yaves are eas austin strate 
if : le that the entriecular beats neat ilwavs follow the iriculal 
contractions—that is, the impulse w d appear to come through th 
auriculoventricular bundle. It is not an independent ventricular rhvthy 
The tricular impulses are so clearly defined in the neck that it is pos 
sible to se th certainty that during the period of observation, lasting 
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! ! i? rom } Sx ar e ‘ . 
tient Was ehos ! doses ¢ t ! 1 200 Leas 
= ! : 1) ¢ OOLG mi.) ) S | ts)< < 
ecul nm doses r.¥ (0.65-1 om.) { e Ss not 4 
lt Was i mao \ Wassern inn test ile g } i 1 ( es 
mtient grad l Hprove inal Tie ™ ‘ , ‘ ‘ { 
were = il l oy en thre l I's ~ - Cun Tess ’ 
PUT Se nha occasiona ntermiis nes 
Om bkebruar ’) the patient was alk 1 to sit ! il ea few 
ste] the exercise being gradually is As a e pulse : 
S na to a little above 100 
On February 28 the nurse described ne intermissi« ; e4 rit 
vi i there were but three or tour pulse eats 
mm May 15 the patient sudden! felt rathe ow 4 we ’ 
the 1 ~4 1 en tor 1 vi le mi ite Show t ry if rire t there 
ifter the pulse became regular, SO 
ay ivs later March 18, ¢ pulse ivgain ft ul ‘ " t 
ite ral I tron > to 41. mar * beats n ni? i ee 
t t Dun o tie long ses thre Ww irs l ‘ t " ‘ t 
It Times & 3 iuricu bents were I ‘ \fte i 1 t 1 , 
minutes aft the patient had take 1 sma rmount of ‘ { ts heva 
tk n t ‘ more otten unti soon the 7 7 ecame 1 on ‘ ' 
ra ! ~ howl perfeetly n na onditior 
Cdr thre fternoor fi Mare ") the 7 se su . Pecan 7 7 , 
4 to 40 t | . i ‘ or four se« nds f rent ik f . , 
ent follown or imnotlhe ' e essior P wular 1 ‘ . ware 
, fai ‘ il t about 100 ite n the event the pulse by in reo rat 06 
thy the tollowing mornit it ~ there I i " let« i ‘ ! t he 
ilse t « t seconds Iration ar igain at | on ‘ of l 1 
uW , rn ns of thre r four se nds thout a beat and ther ne. ft 1 
sometime ire¢ eats in ray 1 SS101 \t time me i us I W P is 
il | ear the eontractions f the iuricl the rat« f whi . ' 
leterminable the visible jugula } sations ta it 100 \fter five 
ours the ] suddenly became 03 then SS, ¢ ’ ' n ae mine 
throug) 
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lurati 





minutes t ilse became regular again At 10:10 at night there was a period 











with long pauses of thirteen seconds, and at 11 


lhe 


ten minutes 










following note was made by 

















Dr. Peal During this period the pulse varied trom lO to 45 and the resp 
i ! m S te ld Ihe long pauses between beats were generally of about 
ten seco! - uration, but not infrequent y thev were as as seventeen or even 
ent =f has During the pauses the tace became very pale the respirations 

] twenty seconds ind at times in 

















feet and muscles of the tace 


(hy ne ¢ is the patien had a fairly well-marked convulsion, throwing his 








e pupils became 


his eves upward, tl 


Tew 





After the nly ell-marked convulsion he said he saw vellow 






iuses thy eats irred singly, in pairs, in threes, or at times as mat is 25 


regula eat it a rate of about SO lhere were trequent 










good SIZE and tension sometimes 


rather fe ‘ Between | and 1 m. the pulse became more 










ime SS, the patient felt better 








a chai Shortly after this 

















10, and remained so tor about 


fifty minutes, except for about three minutes, during which it was regular and at 
1 rate i 70 e longest intervals during the attacks were twelve seconds He 
was given atropin, gr. 1°60 (0.001 om iwpodermically and ten minutes late 
the pulse ecame regular, 80 to the minute Within an hour after the atropin 
is el ulse-rate reached 100 
l patient remained in good condition until April 11, when suddenly it 
0-10) a. m.. the pulse fell from 30 to 40, remaining slow for about twe minutes 





I ivs iter April l¢ there were several periods during which the pulse 





seconds ind in the evening 









with pauses of ten, fifteen and 

™ ‘ nds and a nearly regular pulse between Atropin, gr. 1/60 (0.00) 
mn ‘ el mulermica at 11:22 p. n Fourteen minutes later the pulse 
, 


a 75. eve it coming throug! At midnight, twenty-two minutes later, it was 


S& wit mn < isional intermission At 3:45 a. m. the block returned with a pulse 














with 





periods Of intermiss 1 amounting to from flteen te 


eventeer ‘ nds lhe auricular rate vas 06 to 100 \tropin or 1/oo 0.00] q 


“lermical] it 4:18 a. n At 4:25 the pulse was 21, at 














1:30. 74. all beats coming through At 5:40 a. n he bleo« returned w 






ns ‘ here Vas loss of consc1rousness en series 





, & a eat ime through at i rate of about S80 lhere was vomiting 





St nit 1/o7 coloo] 








throug! During this attack a long series of as many as IS beats would come 
! egulartly onlv to he sueceeded it times, by a pause of about ten seconds 


At 6 p. m. the pulse was 84 and the usual respiratory variations were observabk 
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sO THE 1ROHIVES OF INTERNAI VEDICINI 


which excite the preceding auricular contractions, or whether they are 
due to an independent contractility of the ventricle, their relation to th 
auricular contractions being purely one of chance, is often difficult to 
determine Careful study of these two tracings, however, reveals an 
interesting point. Out of fifteen ventricular contractions three occur 
almost simultaneously with the auricular impulse, so that the two waves 
are fused. in one the « wave follows but 0.1 + second after the a wave. 
while in the other eleven beats, the ¢ waves follow the @ waves after a 


period of time varving from 0.17 to 0.28; but this is a period which might 


well represent in some instances a normal, in others a conduction time 


} | " 


which is but slightly lengthened. 


Now if, in the four instances in which a and ¢ waves are practical 


combined. one compares the proba ile time of the onset of the «¢ wave 
which from comparison with the brachial pulse, would seem to represent 
the beginning of the combined waves—with the preceding @ waves, we 


find that the periods of time between the two amount. so far as can le 


estimated, to 0.32, 0.34 and 0.38, respectively. Might these periods 
represent prolonged conduction time? It is conceivable. but it would 
assuredly be remarkable that the conduction should vary from 0.17. a 
normal period, to 0.58, a greatly lengthened period, in a wholly irregular 
manner during these fifteen beats. The improbability that these periods 
represent prolonged conduction time is rendered more evident by another 
consideration \s a rule, in disease of the bundle of His with partial 
block. the a-c time becomes longer with successive vats and is shorter 
with the first contraction following a blocked impulse. Here, on the 
other hand, the contrarv is true. The longest a- periods occur afte 


long intervals in the ventricular beats, while the a-c¢ interval in connectiot 


with the four beats occurring after the short intermissions. where one 


might have expected a prolonged a-c time, amounted to 0.23, 0.18, 0.24 


and 0.19, respectively. We are, then, rather-inclined to regard these beats 


with long a-c periods as spontaneous ventricular contractions. 


Might it be that these tracings re present a total dissociation of auric] 


‘ 
and ventricle, an automatie ventricular rhythm? Those beats whieh 


appear to be spontaneous ventricular svstoles may well be evidence of at 


attempt on the part of the ventricle to initiate an independent rhvthn 


The occurrence, however, of so manv other beats. each one of wl 


follows an auricular svstole after an interval of a length not far from the 


normal, would suggest that the stimuli evivine rise to some of the ven 


tricular contractions on these tracings, passed througi the auriculo 
ventricular bundle; that the condition, then, was one of partial disso 
ciation. 


Might one not faney that these long intermissions are dependent on 


a lack of irritability of the ventricle. rather than on the blocking ot 


























W. S. THAYER—I W. PEABODY) M7 


( =t ontra or sl 4 " 4 = ntal e 
stil Ss rea ng it in the nor "\ might 
( S nimat ! oO S " \\ ‘ " } t 
resnones \s a result 9 P itiol atis : 
or set T as it were tive - ! = } Corl < l } ) 

< ontractior ) mp ne the ‘ shinent thy 

"et oving Wasi ) cw, I rit ena ‘ est nt 

iT ( oO Trespol es may { S 








ne t the u i wing s \~ ( cs ) 

ne \ i eu i 1 rite ils ( or () tt 7 3 , 
engt o ng ! } 7 t ‘ ‘Hh ( C ) 

i ! tel = VS a el differer | l 1 : 
noted in the previous tracings Ma ‘ es 
ontraction oc r eithrye sing ‘ nh s¢ es ( ‘ ns 
Lilt I qua wats OL the se es pelng il : ses OF Spruce 

ises Without ventricular contractions som es nt t 
( racing a) \fter the pause ft =T rT = s 1 se 8 
ne COE OLTeSSILVE irge! ) Tie@ss \ to The wt tT i ‘ 
rte el ) | Is ecommes ‘ I i r tra ! ‘ 
‘ thy rte vie etween 4 = ny Se ’ 
7 t! ne < Ob oO Ry ) t i e s { i j 


| contra ne at the sani ate is the aul es al nite s are 
essentia norma In t two Instances Il Line - 
onue il e nora L is I val et Live ( ! ( ‘ ! 
rT t ix rk o4 the onset o thy owing ive | ( el = “re 
here re ‘ ne these erie esno? ne 1 eve yils ’ ‘ 
iu! contra ons Chere is one exc ! s () 
tra I = Liv nterva etLweel ( =I i! ‘ wats ) ( ~ 
one thant it between e St I mi t sis « ) ! , 
' n WwW ( ( rs ntel iis a O.06, al OG a " es , 
Secon ty s ) 3 i! if POCO?) i . , 
the first intervals are 1 and 0.95. resp ’, { second 0.58 a OG 
these ontract ns to ‘ rece I sis} < ‘ i- 
tio et en t succeeding 7 P \\ P 
wats W a Vil the except lis ent - ) 
OLY se na inh Cae case, Lhe nthe ~ eats are 0 Bi 
ol \ cs hate i ‘ 1¢ 1 1) { (). 23 
reser ‘ s {Thy t : el . . art : 
vel l ) weomnil I ‘ } ‘ 1 ( =f < 















































































ee ee bale te ee 


























10 THI LROHIVES OF INTERNAT WEDICINEI 


» come t oh s ve longe i it w thr lowing beats 
)) wi 1 eX t exact the reverse i short a time a st vecomimg 
vradua y int tine eats begin to drop t again t x ~ ore 
easonable regard these first beats as automat systoles of a vel cl 
vhich is me irritable d ng the prolonged pause | st ven 
ricular be of the first series on Tracing 6 occurs synchronous wit 
in aul se 80 as TO caullse a col rhe vave on the uy I ruse 
The osit ‘ thr wave alculated mm the time ¢ set of the 
ra il Wave (| make the time O.11 secon ti short a period 
to Jus I isstimption that the aur ir and ventrl in tract is 
res ‘ ) thie Same stimu Is Cine = thelr ] stined l revare net ib 
eat is W is thre solated beat whi precedes it (a t ‘ LoS 

st } l spontanes = ventricular svstojes 

\ sec nteresting peculiarity o e rhythm of bot ' es ane 
ventricles is shown in this and other tracings taken at this period. ‘This 
consists In the progressive prolongat on of the pulse intervals during ea 
series of beats Thus. in one instance, w e the interval between the 
ra " wil sat thre ecinning of the series is UU... second. tf i etTwee! 
he beats toward the end of the series of ten pulsations is 0.8 secon 
In Tracing 7 the intervals increase during five beats from .5! to .82 The 
same slow of the rate apples to auricles as well as to ver cles: that 


this siowin ot the aur ir rate vrsists tor a tew beats atter the en 
tricular col tions cease Thea me remains more or less constant 
ind does 1 = might be expected, if the lesion were one conduction 
ecome progressively prolonged. The relation of the isolated ventricular 
contractions to the contractions of the auricle canno Y etermines 
absolute! mn some mstances they oc rat such times that ft Is possible 
that the depend on the impulse which caused the preceding aur 
ir cont I lis ul it other times the la so far tron t preceding 
auricular contraction that it would seem more reasonable. as has beer 
said, to regard them as automatic ventricular svstoles. \ study of the 
racings then. leads to the conclusion that the dissociation at this period 
Vas partial rather than complete 
Further « ence of this is given b e result of the atropin test 
: After the first tracings had een taken, atropin sulphate, gr. 1/60 
(0.007 om.). Was given subcutaneous Three minutes later Trac 
nye > was take! This tracing shows an intermission of over ten seconds’ 
duration short alter the atropin was given the beats at the wrist 
ecame more frequent and the pauses became shorter \ tracing taken 
fourteen minutes after the injection (Tracing 8) shows that every auri 
ar contraction is followed by a ventricular contraction wit an 
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After a irving period, oWillg, pet ps, to sul 

(7) there occurs an apparently spontaneous ventrieula 

Ss spontaneous contraction removes Waste pro ts and 
reulation and nourishment of the heart muscle so that 
ile is again able to respond to each stimulus as it arrives 
culoventricular bundle But after a ce iin number of 
return of a wave ol vagus acti the aur i rate Is 
entri contrac ns avail l out 

{ 1S: Complete Rh Ina / 1/y NW 

ngs taken durin this attack of bio snow auriculal 
gy at intervals averaging 0.5 second, a rate of 120 
Che ventricular rhythm, as determined by the rachia 

tation, showed that every ventricular beat was coming 
wrist he condition is quite different from that which 
ny & The ventricles are contracting reguilal at intervals 
rom 1.9 to 2.07 seconds, giving a rate of 31 per minute 
e rate which is common in complete auriculover cular 
th a permanently slow pulse. There is, however, an 
with a shorter pulse period, as may be seen on Tracing 10, 
age rate is slightly more rapid. Comparison of the ven 
with that of the auricles shows that there is no apparent 
n then ‘The ¢ waves occur at varving times after the a 
some mstances, fall svnchronously with an @ wave. so that 


ation is formed on the venous cu 


ile that out of twenty-one ventricula 


tracings, in which the interval bet 


0.45 to 0.50 second, the time was 


en mmstances, 0 1? in one. wl eon 


omplete ¢ dissociation? In ore 


1 50 (0.0021 + om.). was 


r contractions studied 
ween auricular Waves 


hetween O.1S and O51 


n, g 
the enti ilar rate Was observe This ve t tends to 
ew that, at this time, the dissociation was complete and 
ius influences plaved ttle or no part im its production 
rs after the atropin was given. and ten hours after the 
of the dissociation, the atta ended spontaneous ind the 
”. It is worthy of note that during this attack, w h was 
a slow regular pulse, the patient’s general condition was 
from that observed during the attacks in w the pulse 
The unpleasant symptoms which accompanied the long 
allor. flushing, loss of consciousness and convulsions 
attack the patient was comfortable and 
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entricu.ar eXtrasyvstoles were notes ind fina e est shment o " 
neal regular ventris irl thn f about 45, w the iuthors 

4 ) 

( irded as a oto 2 rhvthn t s might Oweve ind we are l ne t 
helieve, should be interpreted as we have interpreted Tracings 21 to 26 





= sional beat Is hastenes ) n lmpulse whi is ss oug ‘ 
yum \t her times there wel verlods rel 
3 ! ite ¢ 26 per minute and one there is terist ! ! 
. LI se The lesion n this case ved 1 ) n al “1 
ostel =Ints ’ \ “i j \ cl Tt ile esse ‘ ~ = 
~ in ent that e septum met os Vas im . 
> one Levers con essing ‘ } ' at, , 
- ! 1 tting off the t brane 





= I. Svncopal and convulsive s res, associat vil 
arked irregularity in the siz and sequence of the beats hese oc rroc 
= olten mm groups of three or more n rapid succession, followed b inter 
missions amounting sometimes to nearly or quite half a minute in lenet 
E ; The auricular rate, which could often be counted cleat nm the neck. Was 
= usually 100 or above. Long iIntermissions in the ventricular pulse were 
" usually associated with long periods of apnea No who satisfactor 
: tracings were taken during paroxvsms of this sort. Those which we have 
i suggest a complete dissociation 
= : 2. Similar attacks, usually without convulsions, in whi the ventric 
= “ 
- a ar beats occurred in groups of from two or three to ten, alwavs at the 
: same rate, and apparently following the same impulses as the auricular 
: : heats. These groups of beats were separated sometimes by intermissions 
: : mounting to as much as fifteen seconds. The auricular pulsations could 


usually be counted in the neck and were sometimes as slow as 





\ , = 
mograplic tracings showed that these groups of beats consisted of a pri- 
mary ventricular contraction, a} parentiv automatic, which Was succes led 
i shortly by a series of beats which followed the preceding auricular con 
tractions after an a-c conduction time of approximate normal duration 
During these groups of beats the auricular rate became progress 
slower without lengthening of the conduction time. until finally the 
entricular impulses stoppe The retardation of the ricular impulses 
continued during the next several auricular contractions, after wl 
heeame more rapid 
Such attacks vielded on three occasions to the administration s 
: taneously of atropin. gr. 1 60 (0.001 om.). The aw ilar rate afte 
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A CASE OF POISONING DUE TO EATING POISON-HEMLOCK 
(CICUTA MACULATA) 
Pil A REVIEW OF REPORTED CASES 


ANFIN EGDAHI VED 


MENOMONITE WIS 


Sc lISNe n this r ¢ < < 
ar vate l erry an son) el iM = i \ ‘ = 
! this count ine is r cent es nhown as a 
Int possessing a ceae wlson \ number of cases o eat ive been 
‘ te American and European phys ins, but the cases undoubted 
rhe ! ( us than those re l¢ ix it = not alwavs possible to 
see tinh thre stor ola case tconsiderable number of the tims being 
{ Cl | ( | Opean orm Of the plant = cil led f ut rirosd | < 
ound we stributed over the whole of | om ut seems TO Var some 
What in the tivity of its poison in different localities 
It was not nt tiv ear 1876 that an appr Nitnate nowledge was 
tained of the active agent in this plant. Boel m? pu ylished the results 


a caretu nvestigation into the characteristies of t] poison and its 


action on certain animals and came to the conclusion that it was a resin, 


I his Was latal to cats in doses ol Deg. pel kilo we ight when given through 
the mouth and in doses of 7 mg. when given intravenously. The fatal 


dose lor Trogs was 2 to 3 mg. This substance Boehm has given the name 


of cicutoxin and regards it as the active agent of Cicuta rirosa. The 
ilkalou! coniin is AISO Ie lieved to be present. The 


poisons are found in 


ill parts of the plant but chiefly in the root When tried on animals it 


vas found to be slowly absorbed through the intestinal] tract: the effects 


at times would not appear until after the lapse of several hours. If 
vomiting took place it would verv often save the life of the animal. 
Boehm was unable to find the exact place o absorption When it was 
njected intravenously the action was very rapid, but absorption t roug! 
the skin was slow One observer States that if 1s popular knowledge in 
some parts of Ei rope that if slices of the roots of ¢ cuta virosa are placed 
m the backs of trogs convulsions wi! set n 

“This is not the poison-hemlock of historical interest It is supposed that 
the cup of poison-hemlock drunk by Socrates was the Conin aculatum, a plant 
hat has been introduced into this country 

l. Boehm Arch. f. exper. Path. u. Pharmakol S76. v, 279 
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Doul il l case 
| 0 ~ e seen tT it we ive ere a root ontainin 1 polson 
capa ‘ ne a vreat variet ( syiptoms of vat n (te rees Oo 
mportance s notewor! that thre servation made b Bor m expel! ; 
menta ! ses in W n ear i! ! ( omitin took place ottel 
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iNFIN EGDAHL 35: 
essure and vag rritatio Experimentally cicutoxin has been four 
produce in frogs: (1) violent clonic and tonic convulsions; (2) 
ation of respiration, which, however, ceases during the convulsive 


seizures; (3) slowing of the heart and, during the convulsive seizures, 


. : , e 4} . 
ong diast 11c pause, All of these « ffec ts Boel m ascribed to an action 


He ubel’s center for convulsions. supposed to he located at the point oi 


calamus scriptorius. 
a ‘ alt elias } ae ; 
Che experimental effects on mammals may be summarized as follov 


irrhea, salivation, muscular twitchings, increased frequency of respira 


on appear shortly after administration of the drug; then there sets in 


lent convulsions affecting all the voluntary muscles of the bodv. D 


¢ these convulsive attacks there has been noted a stoppage of respiratio1 


a marked increase in the force of the heart-beats. Usually the con 
itractions of the abdominal muscles. The convulsions last from abou 
ilf a minute to two minutes. In the intervals the respirations are dee} 


the pupils are not always dilated but just before death dilatation appears 


Death occurs usually at the height of a convulsive attack. Experimental 
no characteristic local effects have been produced. Bennevitz*® noted con 
gestion of the blood-vessels of the brain in guinea-pigs. This, he con 


luded, might be due to a narcotic action of the poison 


I 


The mode of action, and the toxic and pharmacological properties of 


the active agent or agents in this plant need to be studied over again 


Other poisons of the same group to which cicutoxin belongs are 


crotoxin. obtained from Anamirta paniculata, a nanthotoxin, the 
principle of (Znanthe crocata; coriamyrtin, which occurs in severa 
species of Coriaria: pl vtolaccotoxin, pre pared irom a Japane se species of 
P ytola ca, which ma\ possib] also be obtained from Ph jtolacca decanad 


r pokeberry. A number of the digitalis series contain bodies which 1 


roduce the same symptoms as cicutoxin and the other members of thi 


icrotoxin group. Among these are toxiresin, obtained from digitoxin, 


sitaliresin, from digitalin, and oleandresin, from oleandrin These 


bodies all produce powerful stimulation of the central nervous system, 


more especia ly of the areas around the medulla oblongata Two al 
loids, samandarin and samandaridin, obtained from the skin of the newt 
ippear to resemble the members of the picrotoxin group in their effect. 
Cushny* states that picrotoxin and its allies act chiefly on the medulla 
oblongata, while the spinal cord and the higher parts are little affected 
He believes that there is no necessity for believing in the existence of a 


convulsion center, as intense stimulation of the medulla will produce 


onic contractions of the muscles throughout the bodv. The medulla is 
3. Bennevitz Med. Ztg., 1836 5] 
1. Cushny Pharmacology and Therapeutics, 1901. p. 425 


he urinary bladder are forced out, possiblv owing to the violent 
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é sive seat of action ) I I inimals the reflexes 
are found to he nereased when the n 1 is severed from the cord and 
this indicates that the spinal cord is also more excitable than normall 
Cushny states, in his text-book on pharmacology, that the action of the 


picrotoxin series on the spinal cord is best seen in the fish and reptile, 
but in the higher animals the action is more confined to the region of the 

An interesting observation has been made by Christison.® in Scotlar 
He found that during the month of August the roots, leaves and fruit 
were almost without effect. This, Huseman*® believes, is not due to 
climate, as in those parts of Scandinavia with almost the same climat 
the Cicuta virosa is decidedly poisonous during that month, so there mus 
he othe | tions affecting its activit 

Very meager data ean be obtained as to the lantity Of the root 
capable of producing death in an adult person. Prof. Charles Lee’ states 
that a dram and a half has been known to destroy human life, but in view 
of Christison’s observation just mentioned it may be that the activity of 
the poison varies with the seasons and with the locality. Lieutenant 
Carpenter,* U. 8. A., states that two men who had eaten a whole root 
] 


died in an hour and a half: a third who had eaten only a very smal] 


quantity recovered 


In the diagnosis of a case the following are the important points ¢ 
be kept in mind, as shown in the case-histories quoted and the case of the 
patient ¢ served. 

1. The eating of parts of a strange plant and ( ( 
resembling that of the poison-hemlock 

2. The characteristic symptoms, pain in the region of the stomacl 


nausea, vomiting, and the frightful convulsions appearing usually within 


in hour. Especially significant is the presence of parts of the eaten plant 


n the vomitus. Unconsciousness is a condition seen in a!l of the cases of 
which I have had an oral description our in number. In the cases 
reported in print, however, it is mentioned in only nine cases. Fina 
proof is, of course, furnished by the demonstration of parts of the plant 
With a history of eating of a wild plant, with pain and discomfort in 
the region of the stomach. nausea and vomiting. and convulsions super 
vening within an hour or one hour and a half, the presumption is justif 


ible if the case is seen in this country, that the plant eaten is Cicuta 


maculata. Other poisonous wild plants found in the United States that 
re ¢ ipable ort causing convulsions are : black er! (Prunus serot nm): 

5. Chris n, quoted by Pribram Ar f. Krim.-Ant n ilist 
Leipsic, 1900, iv, 166 

6. Huseman, quoted by Pribram Arch. f. Krim.-Anthrop Nriminalist 
Leipsi 1900. iv. 166 

7. Lee, Charles: quoted in Tr. Minnesota State Med. Soc., 1871. Vol. T. 53-55 

8. Carpenté Quoted in Tr. Minnesota State Med. Soe., 1871, I, 53-55 
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; 
Jamestown ¢ ju weed (Datui l D 
i( nignts idé (ss TL ]7 ni) I =r -Wee (/ 
‘ 
mnate ) Lhe onvuls = ] ( : ints I 
Se VE as those oduced Hos en 
In regard to the treatment there is not n » be Mi sed 
decoction Ol galinuts In one case with ve satisfa . : Wine 
« 


yt antimony (tartar emetic) and 


ne sulphate en ust evera 
ausing free emesis. ‘The stomach-tube is, hows t st s 
n account ol the Quick and sure results obtained It may ais e We 
ater to wash out the bowel thoroughly and give an tive i i I ive 
' ordinary methods for the comfort « vatiel 


7} iot-water bottles to extremities where ind ted, po! maths, i | 


; romids if the patient 


Ss vel estless. are simple. efficient me ods ¢ 
i treatment that ave peen =e( nh many ases Wit COOK es I 
; ntro] the ver\ severe convulsions e Tore tive ( ) oO T eo 
loroform and chloral have been suggested. 
Considerable damage is done « ear to cattle. w at t 
may be poisoned in irshes drinking water Wil { 
ce oO the roots, whl may have een crushed Vv pelIng tral ) 0 
— Melted lard is re ommended for the treatment ses OL 7 ng 
mong cattle. 
In regard to proplhivlaxis two thoughts w at one me to ! 
. > 
(1) the education of the pub to recognize o poisonous plants ! 
(2) the extermination of poisonous plants Bot t se me < 
e emploved, and as far as e f uta maculata is concerned the « i 
tion of this plant in well-populated portions nt 
not be a difficult undertaking, if the peopl t 1 
nize it and to know its poisonous properties. I1 ( £0 I 
medicine, instruction in the recognition of « principal poiso S 
hout thirtv in numbet ould be given i! der ents ¢ , 
our high schools. colleges niversities. and ag t il se < | 
uld undoubtedly result in e saving « 1 considerable 1 
an lives annually. as well as in the preve ! suffering expe 
’ , . 
ousands of neonle ever Pal 
coal 
Not! In addition to tl ted ‘ t 
und of interest 
Caillard: Clin. d. hop., Paris, 1829 
Chesnut: Principal Poisonous Plants of 


Dept. Agri., Washington, D. ¢ 
Hazelting New England Jour. Med nd S 
Henning Mitt. a. d. Geb. d. Med.. Alt 


Q3\ 34 

Ilwass Upsala Lakaref. Foérh., 1877-8 - 

lawandt Jour. d. pract Arzn 1 \\ i! QR s88 
<elp Vrtlijschr. f. gerichtl. Me S79. 1 S 


1 Mey Med. Ztg., 1842 
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Litt Clinic, Cincinnati, 1874. vii, 49 

M Oesterr. med. Wehnschr., 1844, pp. 1065, 1097 

Mat tt Cincinnati Lancet and Obs., 1870, new series, xii, 462 
St t é New England Jour. Med. and Surg., 1814, iii, 334 
I Brit.-Am. Jour., 1862, iii, 37 

Wils Lancet, London, 1871, ii, 396 

| South Carolina Med. Assn., 1882, xx 69 

Mi Eira, Stockholm, 1889, xiii, 435 

Y Arch. f. exper. Path. u. Pharmakol., 1894, xxxiv, 259 

P Ar f. K\rim.-Anthrop. u. Kriminalist, Leipsic, 1900, iv, 166 
| Arch. f. exper. Path. u. Pharmakol, 1874-5, iii, 21¢ 
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THE OPSONIC INDEX IN THE DIAGNOSIS OF MIXED INFEC- 
TION IN PULMONARY TUBERCULOSIS 


ROSWELL T. PETTIT1 


OTTAWA ILJ 


Sete Baie Li tN, 
f 
, 
a 








( s apabit T MlucInNge a pa g ves bet 
se tw ext mes opinion a nd Ving a 
tions int Idle ground | reason fe Q ( nt 
: opinion among estigators al niclans nef] ! 
ethods use n the dlagnosis ! niectiol ? ( 
ta on the subject, up to the present time een | iineé (1) 
{ inimal experimentation ; (2) post-mortem histological at actel 0 
7 ; 
j examination Of the lung; (5) ood cultures 
nd (4) sputum examination. 
The results obtained in animal experimentation are ger 
e with ea othe sputul Ino ited I 1 : I 
sulted in a rapid septicemia due t pvoge! rganis 
: t Sternberg and Paste were able to produce se} i i 
: 1. Prudden’s' work in 1894 on the importan ‘ 
ormation In guinea-pigs has been discounted nee Marmorek? 
( ced i\ les D I ng ft eT Da I t 
t irge quantities ¢ Y toxins in 1907 
rhe results obtain Ost-mortel exami! ) g ( 
reilabdle ecaust igo! and post-1 rten ti i nm | 
esults of Ravenel® show many Pacilli coli, Sarcina, Protet vulgares and 
er organisms tha ndoubted nvade t ng at eat 
ue soon after lo just what extent streptococcus in ag nvade 
east a terminal infectious agent in thes ses I é 
é 
Blood-cult 3 id ( art ) i 
v the presence of streptocos na high percenta : epeated 
minations of the blood in the same cases befors th we 
* Work done under the Max Pam Research Fund 
1. Prudden, T. M New York Med. Jour., 1894, lx, 1 
2. Marmorek, A.: Compt. rend. Soc. d. Biol., 1907, Ixii, 123 


3. Ravenel, M Rep. Henry Phipps Inst.. 1907 1, 216 
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I ptococcus probably invaded the blood-stream in these cases dur 
ng ft igonal period, or soon after (Beco). 

Blood-cultures during life have been positive onlv in far-advanced 
ises, and in most of the positive cases on record the organism was 
present as a terminal infection. Many of the early positive results 


reliable because sufficient precaution was not taken 


reported are not 

gainst contamination. More recently, however, with improved technic, 
ganisi ther than the tubercle bacillus have been isolated from the 

bl tuberculous patients. In some of these cases the organism was 

! t as a terminal infection; one of Panichi’s* patients did not 


ide (Panichi*). 


after the blood-culture was n 
unsatisfactory 


esults obtained by sputum examination are ver 
‘ > 


\ll the organisms of mixed infection found in the sputum of a patient 


n the mouth, 


sufferir rom pulmonary tuberculosis are found normal! 
p I ind trachea of the healthy individual. Whether they are present 
n It lung is a disputed question. Cornet® says that they are 
neonent = 1 al It af the w jo. ee 
I pre Cin the atria and aiveoli of the normal lung, and other invest 
gators® sav that they are. Because of the great variety of bacteria present 
he sputum examined for organisms 


n the upper air-passages, the 
d infection has been subjected to washing and the results obtained 
varied greatly with the manner and intensity of this procedure. 
Most thorities advocate washing the fresh sputum in six changes of 


] ] 
terile salt solution. 


Sorgo’ believes that this is insufficient, and says that 
the sputum should be whipped violently and broken into small bits, from 
majority of which both the tubercle bacillus and secondary organisms 
can be iltivated. His results indicate that mixed infection is not so 
ommon as other observers have believed 
methods of diagnosis of mixed infection are uncertain. 


Our present 
if reliable, would be of great value. 


Hence. i method ot 


f serum diagnosis, 
The opsonic index, when introduced, promised t 


h a method. 


0 ¢ such a 


Webb* has used it, but considers it too laborious a procedure for routine 
wo! Yet he obtained abnormal indices to pyogenic organisms in cases 
suffering from pulmonarv tuberculosis. He savs: 


Che third method of ascertaining the activity of these secondary organisms, 
as measured by their opsonic indices, is a 


patient’s resistance to them 
repeated instances patients have been 


testing the 
laborious and unnecessary 
1 with a low index to their own 
wn fluctuating indice 


procedure In 
four staphylococcus and pneumococcus, and in 
febril ’ is the tubercle 


bacil 


they have sho s t these as well 


1. Par Berl. klin. Wehnschr L908, xiv, 1840 
1905: W. B 


5. Cornet, G.: Tuberculosis, edited by W. B. James, Philadelphia 
Saunde Company, p. 583 

6. See references given by Norris and Pappenheimer: Jour. Exper. Med 
1905 ix 

7. Sora Ztsehr. f. Tuberk., 1904, vi, 382 

8. Wel (; In Klebs’ Tuberculosis, N. \ 1909, D Appleton & (« Pp 594 
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Wrrths® examined twenty-five cases of tuberculosis He found 1 
ange in the opsonic index to Diplococcus capsulatus, Micrococcus tetra- 
genus catarrhalis, the meningococcus, Bacillus pneumonia, the pseudo 
diphtheria bacillus, Bacillus coli, or Bacillus subtilis, but he found 

normal variation in the opsonic index to the staphylococcus, strepto- 


us, pneumococcus and influenza bacillus. He considered the normal 





variation between 0.8 and 1.2. He also found that serums that gave a 
normal reading on drawing if allowed to stand twenty-four hours gave 
normal readings He used the isual Wright tech ind found the 
owlng 
? al mal sor ind! S 12 | n out ! i mined t B lu 
a 
> abnorn nic in es 12 per cer f 17 amine o sta v 
' ecus 
1s abn rmal opsoni indices 75 per cent out of t examined te pr no 
is 
6 abnormal opsor indices (31 per cent out of 19 examined to strepte 
cus 
No change was found in five out of twenty-five ases, or 2U per cent 
He found abnormal indices to both pneumococ¢ s and streptococcus 1M Six 
= cases and abnormal indices to both pneumococcus and influenza in two 
} ises, to staphylococcus and pheumococcus in one case He found no 
nange in the nde xX 1n patients with nectic tever and "he found normal! 


temperatures in cases showing variation in the index to pneumococcus. 
| have exam ned the opsonk inde x to streptococcus, pre umococcus, 


nd staphylococcus in forty cases of pulmonary tuberculosis I found 


the index to all of them between 0.8 and 1.2 in all cases but one and in 


: this case the index to staphylococcus was 0.75. This case was complicated 
a rectal sinus. Bacteriological examination of this sinus showed 
staphvlococci. In several of these cases that were far advanced blood 
ires were made and Gram-positive cocci, undoubtedly streptoco 
is Or pneumococcus, obtained. The blood-cultures were confirmed 
finding Gram-positive cocci in b!lood-smears Leukocyte counts wert 
made in nearly all the cases. The usual Wright technic for the onsoni 
ndex was used on serums one or two davs old. 
= 
Irn making the blood-cultures, blood (15-25 « ) was taken from th 
tal vein in a sterile syringe; and 2 « run over agar surfaces ir 
; each of two large flasks: and 5-10 « introduced into each of two flasks 
taining 150 e.c. of litmus milk Blood-smears were made by pun 
I ng the lobe of the ear of the patient after was} ne the skin wit! 
ohol and d ng with sterile cotton, taking a drop blood with a 
ter1le loop and spreading between two coverslips The smears were 
stained by Gram’s method and counterstained with eosin 
9. Wirths. M Beitr Klin. d. Tuberk., 1908 ii. 159 
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Kven in cases of undoubted mixed infection as shown by the fe 
the leukocytosis, the positive blood-cultures and the findings of Gra 
positive organisms in blood-smears, there was no variation in the opsoni 
index to streptococcus, staphylococcus or pneumococcus. 


The results are shown in the accompanying tables: 








TABLI Orso INbt ro VARIOUS ORGANISMS WITH BLooD-CULTURI 
BLoop-SMEARS AND LEUKOCYTE COUNT 
Opsonic Index te 
Pneu Staph- Strey Leu 
mo | Blood Blood LO 
No ( ~ ation on i cocecu s. Cult smears evtes 
l Incipien ictive 94 " 4 8.200 
4 Far-adva ‘ ") 17 4 9.200 
; Advance pa é ss ss 12 3.200 
} Advar ive 9] S& 17.00) 
5 Advances eti 17 8 l.1 15.000 
6 Advances LSS1\ 91 "4 S5 14.000 
7 Advanced, activ 0 i) 1.1 
s \dvanced, active 3 "4 1.200 
’ Advanced, active D ’ i) ] wo 
10 Advanced, active 1 “5 4 roo 
1] Advanced, active “7 3 <4 » OOO 
12 Advanced ASSIVE oP ss 87 noo 
13 Advanced, passive 98 "7 ) 17.400 
14 Incipient, passive 6 Q? 8 1.000 
15 Advanced, active 6 90 so 
It Advanced, active 90 l qv 18.000 
17 Advanced, passive 90 92 1.2 000 
18 Advanced, passive 3 98 O5 
19 Advanced, active es) 5 9] d 
1) Far-advanced, active OG 94 85 15.000 ' : 
21 Advanced, active 7 93 86 55.000 : 
22 ~Far-advanced 0 87 94 17.000 : 
23 Advanced, active 87 92 89 15.000 { 
24 Advan tive "4 6 Q7 6.600 { 
»» Advance ictiv so 9] S4 ) 13.400 ‘ 
26 «Incipient, passive 98 1.2 " 7.000 
27 Advanced, active 93 87 83 18,000 4 
8 Incipient, passive 97 6 ” i 
9 Advan tive 6 85 hed 9 800 
0 Advances Passive O68 "5 98 
7 Advanced, passive 94 Oo ] 21.000 
32 Advanced, passive 97 4 
‘3 Far-advanced, active 93 88 8.400 r 
34 «~Far-advanced, active 0 93 9] 19,000 
35 )6©6d Incipient, passive 98 94 so 3.000 
36 Advanced, active 6 95 84 27 N00 
37 Advanced, active " 17 84 a OO0 
rg Ady j ot 6 87 83 15.000 
a ka " ul ! Tt ve 4 ] 83 18.000 
10 \ . ; as 94 S35 
raBLe 2.—( \RACTERISTICS OF ORGANISMS ISOLATED IN BrLoop-CULTURE ' 
Case 25 Plain Agar: White scattered colonies; small 
Potato No growth. 
Gelatin at 23 growth along needle track; slight surface growth 
Litmus Milk: Acid production; fine granular curd; whey not separated 
Bouillon: Single; diplocoeci; clumps and short chains of Gram-positive cocci ' 
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Case 84.—Plain Agar: No growth 
Potato: No growth 
Gelatin: No growt 
Bouillon: Very slight precipitate 








Dextrose Agar No growth on surface: slight ore 
Blood-Agar: Clear, dew-like, greenish colonies 
(sTam-positive ngle, diplococei and short chains n sn I I i 
Case 39.—Blood-Agar: Few clear colonies of definite greenish color 
Plain Agar: Slight growth, clear colonies 
Potato: No growth 
Litmus Milk: Acid production, coagulation 
(ielatin at 23 No growth 
Gram-positive cocci in pairs from agar and n 
Case 38 Blood-Agar: Small grayish-white seattered c« es 
Plain Agar: Slight dew-like growt 
Potato No definite growth 
Litmus Mi \cid production, coagulation 
Gelatin: Fine s t growth along needle t 
Gram-positive single and diplococei in milk 
Case 22.—Litmus Milk Finely granular S 4 n ti | i 
after five days 
Blood-Agar Plate: Small greenish ( 
No growth on any other media 
Case 12.—Blood-Agar: Profuse white growt}] 
Plain Agar: White extensive growth 
Potato: White powdery growth. 
Litmus Milk: Acid production, coagulation, n gest 
Bouillon: Profuse growth with precipitate 
j Large single, and diplococci and cocci in clumps. Gram-positiy 
: In all cases, except Case 12, the organisms isolated from the blood 
show scant growth or none at all on the usual albumin-fre ture 
media. For this reason I believe them to be streptococci and pm 
occi rather than staphylococci and that they really came from the blood 


j and were not present as contaminations from the skin or ail 


: Since this paper was written I have extended the blood-culturs 
Ia and by certain modifications of technic have demonstrated con 
) that these sparse ly growing Gram positive cocci In pairs and ns me 
from the blood-stream and are not present in the cultures as contamina- 
tions. I have made blood-cultures in seventy-five cases of pulmonar 
, tuberculosis and have found unquestionable streptoco 
in 45 per cent. of those examined. \ report « = 
another paper. 
From these results [ conclude that, in 1 nds at = 
le Is not an a rat l | dia | ™ 
nary tuberculosis. 
: 
: 
; 








ENTAM@BA TETRAGENA AS A CAUSE OF DYSENTERY 
IN THE PHILIPPINE ISLANDS - 


CHARLES F. CRAIG, M.D 


WASHINGTON D. ¢ 





During the past seven vears the researches of Schaudinn! Viereck.? 
Hartman! ind Prowazek.* Wenvon.* and others have demonstrated tl 
tence of at least three species of amebas which are parasit in the 
intestine of man. In 1903, Schaudinn extended the previous investiga- 
tions of Casagrandi and Barbagallo® and Jurgens,.* and distinguished ’ 
two species of amebas parasitic in the human intestine, placing them i 
the genus Entameba, established by Casagrandi and Barbagal To on { 
species, W h he found in a large proportion of healthv individuals, as 
we as in diseases other than dysentery, he gave the name Enlameba 
the other. which he found in patients suffering from 
dysentery, he gave the name Entameba histolytica. In 1905, while work- Sd 
ng on the amebas present in soldiers invalided home from the Philip- 


pines because of amebic dvsentery, I was able to confirm Schaudinn’s 


work, and to show that the two species described by him were present in 


this group of islands,? and his conclusions have since been confirmed by 
nearly every student of the Protozoa. A few careful observers still main 
fair t} it the ¢ fT rentiation of these species is not based on suffi ient : 
evidence, but it is probable that they have confused the ameba which is 
the subject of this paper with the species described by Schaudinn, a 
mistake wl . t natural when one remembers that Entameha tetra- 
gqena resembles hot the species differentiated by Schaudinn and his 
* This paper, by Captain Charles F. Craig, Medical Corps, [ S. Army. is 
from the laborat« of the office of the Surgeon-General of the Army, Washing 
ton, D. ¢ Major F. F. Russell, U. S. Army Medical Corps, Director, and is pub - 
lished by authority of the Surgeon-General U. S. Army 
1S iudinn, | Arb. a. d. kais. Gsndhtsamt., 1903, xix. 5653 
2. Vieres Beiheft z. Arch. f. Schiffs- u. Tropenhyg., 1907, i, 1 
>. Hartmann, M.. and Prowazek, S Arch. f. Protistenk., 1907. x, 312 lart 


mann, M Beiheft z. Arch. f. Schiffs- u. Tropenhyg., 1908, v, 117 


4. Wenyon: Report Welleome Research Laboratories, 1908, iii, 122 


5. Casagrandi, O. and Barbagallo, I Ann. d’ig. sper., 1897, ne series, \ 
103 

6. Jurg \ Tentl. a. d. Geb. d. mil. S Wes., 1902, xx, 110 

7. Craig, C. I Am. Med., 1905, ix, 854, 897, 936: Jour. Infect. Dis., 1908, v 
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Briefly stated, the differentiation between Entameba ind Enta 


ba histolytica rests on difierences in the appearance oO! the protopias 


ind nucleus. and in the methods of reproduction. Entameba colt pre 


; sents no distinction between the ectoplasm and endoplasm, even when 
noving, save that the ectoplasm is free from granules; the nucleus is 
generally easily seen and possesses a definite nuclear membrane and is 
rich in chromatin; reproduction occurs by simple division; schizogol 
W the ormation of eight daughter amebas, and e! stn } \ 

formation within the cyst of eight young amebas. LEntameba { 

ytica, on the other and, presents a ver rreat distinction betwee t 
ectoplasm and endoplasm, especia when 1 ng, the ectoplasm beir 
much lighter in color, 1 e refractive, and isSV ] npearance: t 


membrane. and contains but a small amount of chromatin, w re 

duction occurs by simple division, by gemmation or budding, and wher 
| conditions are unfavorable to vegetative existence, by the t tion « 

minute spores whi are formed by chromidia and a portion of proto 


I 


plasm budding from the parent organism. 
While studving amebas at the Armv General Hospital, San F1 


cisco, I had no difficulty in finding Enlameaba histolytwa in the feces of 





many of the patients suffering from dysentery, and Entameba coli u 


‘ the feces of healthy individuals. Since that time I have had the oppor 
tunity of studying these parasites in many hundreds of cases, and have 
found that Schaudinn’s description of these species is correct. At the 

; same time, an ameba was occasionally observed wi! could not be con 

; sidered as typical of either of the species mentioned, in that it possessed 

: a distinct ectoplasm, a well-defined nucleus containing much chromatin 


ind reproduced by simple division and the formation of cysts containing 
four daughter amebas. I have observed the same amebas both in soldiers 
suffering from dysentery contracted in the Philippines and in natives o 
those islands, and until the description by Viereck of Entameba tetra 
vena, I considered it as an atypical form of Enfameha coli or Entamel 
histolytic a. 

In 1907, Viereck described an ameba occurring in patients suffering 
from dysentery contracted in Africa, and during the same ve: n ind 
pendent description of the same organism was published by Hartmanr 


and Prowazel Viereck called the parasite Entameba tetraqena, and as 


his publication appeared before that of Hartmann and Prowazek, whio 
had named it Entameha africana, Viereck’s name must be accepted 
proper zoological name of this species. As described by these thor 
and since confirmed y Bensen® and others, Entameha tetragena presents 
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rHE ACIDOSIS INDEX 


r STUART HART, M.D 





f 
j \ YORK 
The det nd n losis is usua , simple mat 
‘ The quantitative &¢ ermination of the degret acidosis, while most 
i mportant from the cn eal standpoint, 15 ‘ ten negli ted on account ol 
; tne ¢ ifficult and time nsumin nrocedures Ne ssary to tain act 
: information. 
3 
; METHODS Ol STIMATING rHE DEG! OF ACIDOSIS 
The degree of acidosis may Dé determined in s¢ eral wavs. For the 
4 rpose of the present dist ussion, only those met ‘ds are considered © 
a ave for their object th determination of those forms of a dosis due to 
; the presence of the acetone vodies, seen in the ost severe types 1! 
«a a tg 
diabetes mellitus. 
1. The method of Stadeimann, a classica apter in 1 histor 
/ the discovery 01 the abnormal production of organic a ids in diabetes, 
: depends on the quantitative est mation of the bases (sodium, potass! 
j ealecium, magnesiul ind ammonium ) and of the inorganic a . 
urine. When organi acids are be neo excreted, it 1s nd that the nt 
f bases excreted Is In excess 0 the amount necessa to col ne W 
e estimated inorgan vids. This excess of bases I ‘ eted 1 
ina n vith orgal ids ind thereiore nisnes data ion W one 
mav accurately est te the amount of orgal ds b eliminated. 
: While t! s method 1s ol grea value, the amount time re red makes 
: ts employment J yitive in orainary ¢ nical WoO 
» Pe \c the most satisfactory pro dure is { antit 
stimation ol acetone ind diacet cid t \Iessinge 
= is modified by Huppert, 01 the met d f Hart, on ned W 
estimation of xvbutyric a | the met Shaffert or of Bla 
These determinations give us most satista ect mation as to 
he degree of acidosis hut in turn! be : led in clinical w } 
ecount ot t time. skill, and fa es Tre ed t eutior 
1. Stadelmann Are f. expe Pat ey ! ss ’ 
, Messinger: Analyse des Harns, 1505 
3. Hart Jour. Biol. Chen 1908, 1 477 
Shaffe1 ] a. a 1a08 } 
». Black jour. | ( ! 908 7 
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ihe levo-rotar properties ¢ eta-o ut icid make possibl es 
its quantitative determination by means of the polariscope, and while this 3 
gives s rmation of signif nt Li ue t is not a method of g it ¥ 
a rac nd is one whi in ised oO W care tech nd a ¢ 
onside expenditure timé 4 
t. Since the recognition of t ict that the organism protects its : 
n ts ¢ ess OL organic acids Dy the ro ction ¢ nereased a nts 
immonia, the quantity of the ammonia excreted has been utilized t ‘ 
‘ ma the extent o { iC1dOsI1s Ch ( ntitative est itlo "| 
4 
immonia gives us much important information yt Vv as regards t 
degre losis ilso as regards the effect of t therapeutic adminis 
t on ilkalis, and its determination by Folin’s* method is so s 
ind a e that this shouk e€ a routine proce e in eve! idval 
case ¢ losis One she d owever, interpret the ammonia findings 
\ rence to ‘ icts wh are known to effect variations l : ‘ 
product especial it it is regularly augmented on a diet ri i] 
} ell is produced in increased amounts for the purposes of ne 
tra ng ais onl wl el t] ese at ids are not already satisfied by the bases { 
furnished the body or taken in as food or medication. It is therefore j 
( nt that during the administration of alkalis the ammonia outp 
! sure of the quantity of organic acids being excreted. 
NEW CLINICAL METHOD ; 
~severa ears ago | proposed a simple test-t « method? ir est it 
ng the degree of acidosis in cases of moderate severity. I have used this 
wit onsiderable satisfaction in following cases with the prod tio ) 
sina nts of acetone and diacetie acid, and I have sought to exte1 4 
its use ness by devising a simple method which should gi iar 
clit dea of the daily fluctuations of the organ 1 output in cases 
It should be clearly stated at the outset that there is no claim that this 
met rat estimates the quantitative e etion of the aceto: 
odit It does, however, afford real information in regard to the fluctua 
tion ¢ total acidosis from day to day it s certain! simple 1 
al 
pro more accurate than the measure of acidosis which we obtain ' 
with the polariscope; and while it does not replace the informatio 4 
afforded the determination of ammonia, it is of considerable value a : 
omplement to this, especially when alkalis are being administered. | 
yard to all these points I hope to submit satisfactory proof 
6. } Ztschr. f | ivsiol Chem., 1902, xxxvii, 161 
7. Hart S \ Contribution to Our Knowledge of the Acetone Bodies 
with a Clinical Method for the Quantitative Estimation of Diacetie Acid an 
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370 THE {RCHIVES OF INTERNAL MEDICINI 
VIDENCE OF THE VALUE OF TH ACIDOSIS INDEX FOR ESTIMATIN 
ORGANIC ACID ELIMINATION 


In Table 1 is presented the record of a patient suffering from sev 


progressive diabetes terminating in coma July 6, 1909, who was seen at 


intervals for a considerable period. 
I would call attention to the parallelism which exists between the 
iegree oO acidosis as estimated D the polariscope and the acidosis 


index.” This is shown graphically in Chart 1, which has been plotte 


from the values of Table 1. It will be noticed that the rise and fall of 


the two curves is very similar in direction, notwithstanding the fact that 

the curves tend to diverge n the highe ilues This poir will be 

eferred ) te 
—eeeeeeeeeeee or — T . r , - , > . 
joct 19086 vec Jaq 1909 FES Iman | APRIL MAY dunt 
29 16 25) 2 9\|6 2 w 2 wis 7? 1 3 2/1 3 7] 9 6 23 25 291 1 2 rT 
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ee 


Chart 1.—Curve of oxybutyrie acid estimated by polariscope, and acidosis 
index plotted from record of diabetic patient (Table 1). 


Chart 2 is also plotted from Table 1. Here are compared the curves 
of the ammonia output and the “acidosis index.” For this comparison 


] 


only those days were selected from Table 1 on which the patient was 
tal ingnoa ali, as on these occasions the ammonia more nearly represents 
the degre: ol ar idosis. 


Table 2 records the events of a severe diabetes in a boy aged 12; only 


those days are recorded on which no alkali was taken; this patient is st 

under occasional observation. Chart 3 is plotted from this record and 

shows a comparison of the curves of the ammonia output and the 
} 


“acidosis index 
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Cases 0 this nd co r nuitipiy t the ] 
definite parallelis: nm the irves of the acidosis index nad 1 t 
icidosis estimated the polariscope, and as 1 ited Ol i 
uutput 
In Table 3 will be found the record of ynth 
diabetes ending in collaps« In this case fo onsiderable px. 
total acidosis was accurately determined® by the method of Shaff 
In Chart 4 the same case is recorded graphically. Here the ynia 
‘ rve s on ed is ft s was n dified hy the The nistra t ’ 
amounts of bicarbonate of soda by mouth and bv infusio1 
TAB l RECORD « DIABI PA 
Oxvl 
Acid. I ted 
I ne by I I B rb 
Quantity, Amm«< i ‘ Acido Sod 
Date ' rm Inde rn 
10/2908 2? 310 = 0 
11/10/08 1.920 10 ti 
11/18/08 2.100 Is 1] 0 
11/25/08 2 220) 0 S ] 
1? 2/78 > 22() 1) 14 | 
12/ 9/08 2,700 4 19 lt 
12/16/08 » 100 } LS 0 
12/29 08 ? 400 ,. 284 6 > 0 
1/14/09 3.195 L711 >] ? 15 
1/27/09 2 670 6.038 29 9 0 
2/18/09 2 610 1.748 "y >] 5 
3/ 5/09 ? 550 4.487 7 i) u 
3/ 7/09 $030 3.757 17 1) 15 
3/11/09 1,770 2.798 12 7 0) 
3/13/09 2.190 2 420 af] >= ; 
3/24/09 1.200 5.790 16 25 0 
4/1/09 1.770 3.490 2 Q 0 
4/ 3/09 2 700 5.449 24 1) 0 
} 1/09 ? O60 4.132 9 8 0 
4 9/09 3.049 ss >t) | 
1/16/09 : L388 24 9 $5 
1/23 09 4,020 3.140 9 14 0 
4/25/09 1.260 1.092 37 38 45 
1/29/09 1.590 1.760 0) 3 0 
5/ 1/09 1.620 1.673 51 7 $5 
5/21/09 4.560 5.889 60 aD 45 
6/15/09 5.450 6.152 96 dD 60 
TABLE 2 Record or S i ! S Boy Acep 12 
Urine 
Da Muantity Ammonia Acids D 0 ty An i sis 
gm Index x 
12/24/08 1.920 1.882 i j 7 9 600 , 458 14 
1/16/09 1,920 2.310 4/28/00 1.920 778 . 
1/29/09 1.920 3.525 10 9/13/09 1.920 13 
2/11/09 2 016 3.513 8 »/27/09 2 400 ss 2 
2/26/09 1,995 2.171 7 ll/ 2/09 +.440 13 
3/12/09 2 520 1.862 ; 1/21/10 9,760 00 ) 
} 26/09 2? 490 3.259 ? » 28/10 5.760 g 
8. I am indebted to Dr. H. O. Mosen lf Ss , 


these analvses 
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‘ LAND PATHOLOGICAL s DY 1 OVA! 
e rarity of this disease, it also the roba relat 
s to certain other interesting conditions—the obsteti 
ed loroform poisoning, et has induced us to rep 
\ccording to Dr. J. Wickham Legg, who made a rat 
the history of this disease, the first des ription oft 
given by Ballonius, who died in 1616. It was not. hows 
at the name “acuts ( ow atrop ** was estowed on t 
Lansk Phat the onaition Is a i e can be app 
wt that the total number of reported cases in a pro 
t exc ( 0. Out of 25.000 cases adn d to ie Londo 
during a period of nine vears Murchison encountered on 
= disease, W lit on| three cases have on I ed at the Jo 
ital « ing its entire . the t ( ne nh rej 
Vv Thaver So exp need a i Osler stated 
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rhe interstitial tissue seems to be present in greater amount than normal 
although the increase may, in part at least, be relative, owing to the extensive 


estruction of the parenchyma here is a very decided infiltration of small 


round cells, particularly in the neighborhood of the blood-vessels and bile-ducts 


the infiltrating cells in some places being collected into clumps of rather lympho 


matous appearance [here is a ve ry decided proliferati n of the bile-ducts, 
which show in some places a tendency to push into the degenerated lobules in 
the form of budding outgrowths This is to be construed as an evidence of the 
regenerative « nges which have been described as occurring in this disease by 
MacCallum and others No mitoses are observed Ihe large bile-ducts show 
< ymparatively little pathological change 

On the whole, one of the most striking features is the ried appearance: 





ferent sections and even in different parts of the same section, 
| 


so that the above picture must be considered as a more or less composite one. 


CASE 2 rhe patient, a colored woman, aged 20, was admitted to the 
Maryland Lying-In Hospital, at 10 p. m., on June 8, 1908 (service of Dr. J. M. H 
Rowland, to whom I am indebted for the privilege of making this report). She 
had been in labor for a period of fourteen hours Her family history was 


unimportant, but her previous history was of interest in that she had been 
pregnant twice before, her first labor, two and one-half vears before, being com 


pil ited by a severe eclamptic attack, and her second pregnancy terminating 








prematurely at the seventh month. During the early months of her present 
pregnancy the patient had suffered with a moderate degree of vomiting, but this 

id not been excessive, nor was there any history of an ther toxic manifesta 
tion during the course of this gestation. On the patient’s entrance to the hos 
pital she was examined by my colleague, Dr. Seegar, who found a moderate degree 
of pe contraction, and in view of the fact that after fourteen hours of pain 
the ead was not vet well engaged, manual dilatation and version was decided 
or Chloroform was used as an anesthetic, the duration of anesthesia being about 
1) minutes The operation itself presented no very unusual difficulties, and at 
its close June 9, 1:30 a. m the patient was in good condition lemperature 

few hours afterward was 100.2 F., pulse 96 

[I saw the patient for the first time on the day following delivery Tune 10 
At this time her temperature was 99.6 F., pulse 104, and her general condition 
seemed «a except that she was rather irritable and apathetic This, however, 
we were lined to attribute to her naturally surly temperament The next 
day Jur 1] it was noticed that her conjunctive were slightlv icteric, and 
that the patient was even more somnolent than on the previous day Evening 
temperature was 98.8 F., pulse 90 

On the morning of June 12, the ient was taken with severe vomiting, 

lille the jaundice became much more marked Constipation was obstinate, 
neither purgatives nor enemas being of any avail The patient’s mental condi 
tion was gradually growing worsé Questions put to her in an ordinary tone 


f voice received no response, and when she was spoken to in a loud voice only 


an indistinct mumbling reply was made. Percussion of the liver at t 
seemed to show a slight decrease in size, but owing to the existence of a moderate 
rade of tympanites, too much importance could not be attributed to this sign 
femperature at this time 100.4 F., pulse 108 

From this time there was a steady progression of all the symptoms The 
vomitus whi it first had consisted chiefly fia greenish-yellow fluid. now 


became tinged with altered blood, and later assumed the typical coffee-ground 


ippearal rhe temperature and pulse both rose as the patient grew wors 

ind the coma became absolute There was no delirum. On percussion the area 
of liver dulness was found to be noticeably diminished, the lower border being 
about two finger-breadths above the costal margin Death occurred on the 
ifternoon of June 14. about five and one-half days after delivery, three and one 
half days after the appearance of jaundice, and two and one-half days after the 
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Freezing U.is” 4 Isotonie with 1.29 NaCl 
Conduct it 15° ¢ 127.40 x 10.4 
Ammonia, 0.1037° 
rotal nitrog 0.3485 
‘ SUI ISION 











gen P.T.A." Precip 0.1802 51.7 
Loose (7.1293 37.10 
Firm 0.0509 14.61 
; 7 
gen P.T.A. Filt 0.1683 18.299 
Loose 0.1402 $0.22 
lirn 0.0281 8.063 f 
Nitrogen of ammonia 0.08539 24.50 : 
P.T.A gnifies phosphotungstiec acid ' 
The sediment was profuse, vellowis floceulent. Microscopic exa 7 
nation showed a large number of pavement epithelial cells, numerous 
renal epithelial cells, few leukocytes, a few granular and a moderate num : 
er oO e casts \ few brownish crystals were present. arranged 
4 
isua ! osette lorn sembiing the « stals seen in cold blood-clots 
ind called hematoidin crystals. They were probably bilirubin crystals. No 
eucin or t sin ervstals came down even on prolonged standing and th 
umount of urine was insuflicient for a che il test fo el 
CASE 2 Urine from 10:30 p. m., June 13, to 3 p. 1 June 14, 1908, sixteen ~ 
and one-half hours Amount 300 « 
Brownish amber, aromatic, cloudy 
Specific gravity 1,029. 
Reaction acid, 10 ¢.c.; required, 8.5 « N/10 KOH, indicator phenolphthalein 
Albumin present (trace only globulin doubtful 
Sugar absent 
Indican normal 
Urea (Doremus), 1.9‘ 
Urie acid, 0.03656% 
otal nitrogen, 1.1105% 
Chlorin as NaCl, 0.1% 
Phosphates as P.O,, 0.093* 
Ammonia as NH,, 0.3576 
roe Oo 
rotal % Total 
Substance Nitrogen 


gen P.T.A. Preci; 0.4457 40.15 


Loose 0.3283 29.56 
Firm O.1174 10.57 
en P.T.A. Filt 0.6648 59.87 
Loos 0.4435 39.94 
Firn 0.2213 19.93 
Nit en of ammonia 0.2946 26.53 
Nitrogen of uric acid 0.01219 1.097 


Diacetie acid, marked 


Bile pigments present, trace Huppert 
] 


Blood and hemoglobin, absent 


Sediment profuse, yellowish, flocculent microscopic examination shows the 


presence of a few pus cells, pavement and renal epithelium, numerous hyaline 
casts, few ranular and epithelial casts, amorphous urates No ervystals of 
leucin or tyrosil en after prolonged standing 
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DISEASES DUE TO HYPHOMY 
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f ection, t SkIn Was da noculated wit t YD t Thes 
I itions weré ind negative up to the sixt da [he va nation 
4 the seventh day gave ris a smal] papule about 3 mn in diameter 
During the fo wing davs, the papuls ime successivel' irver and 
yund this definite maximum with a diameter « 10 m1 hese expe! 
ents show again a complete analogy wit Var n where | was a to 
~ : 
demonstrate in successive da revaccinations it the ear reaction 
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od the general symptoms and the local area formation set in. Like- 
se 1n tl ophytosis the tere cutaneous re tivit ists 
ter the infection. Blo ind on himself an intense reaction two an 
4 ne ! ears alter an experimental trichophyton disease Che intensity 
‘ r reaction seems to ( oreater the deeper the or rrow during the 
3 ' 
ness After Vi Vv supert l esses, there Vas Slight ¢ no ear yT 
The different fungi which cause hyphon tic colonies do not vi tri 
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’ ] } 
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‘@ ‘ - = 
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- . 
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+ r ] ; , 
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y | ] ; 
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(Sporotrichon beurmanni). The result was fever and a local reaction, 


while only two of fourteen contro] cases showed a slight reaction. Bloch 


used a cutaneous inoculation, de Beurmann and Gougerot the intrade 


mal method. The results are not yet absolutely clear. 


TYPHOID FEVER 


Pfeiffer’s phenomenon, the lysis of typhoid bacilli by antibodies. 
occurring as a result of typhoid infection, induces Wolff-Eisner to think 
that the symptoms of typhoid fever are due to endotoxins. These endo- 
toxins are liberated by the antibodies. Clinical phenomena of allergy are 
certainly to be expected in this disease, but are not vet known with cer- 
tainty. Schick is of the opinion that a predisposition period must be 
recognized in typhoid fever as in scarlet fever. During this predisposi- 
tion period there exists a hypersusceptibility and this indeed forms its 
characteristic feature. The recognition of this predisposition period ma) 
explain the occurrence of the relapses after certain intervals. Chante- 
messe saw characteristic inflammatory symptoms following the instilla- 
tion of typhoid bacilli extract in the eye of patients suffering with tvphoid 
fever. He asserts that this ophthalmic reaction occurs sooner in the 
course of the disease than the agglutination test. Kraus, repeating the 
experiments of Chantemesse, could not convince himself of the specifi- 
city of this reaction, stating that healthy individuals also give it to some 
extent, and that other bacterial extracts cause similar symptoms in 
typhoid fever patients. In addition he tried a cutaneous reaction, but 
without result. Zupnik, on the contrary, states that a cutaneous reaction 
is useful, while the ophthalmic reaction is not. 

My own experiences have led me to believe that typhoid toxin is not 
to be considered analogous to tuberculin. An early reaction in the form 
of indefinite and slightly elevated papules is seen not only in typhoid 
fever patients, but likewise on the skin of healthy individuals, and 
especially on the skin of infants, while an active allergy can be excluded, 
where a previous infection can be eliminated. Convalescents from 
typhoid fever react, as a rule, somewhat more intensely, but the differ- 
ence is only a quantitative one. A diagnostic use of the cutaneous 
reaction, as in cases of tuberculosis is, therefore, not possible in typhoid 
fever 

DIPHTHERIA 

In the course of the preparation of diphtheria antitoxin, Behring 
encountered a peculiar difficulty, furnishing one of the first examples of 
hypersensitiveness. Horses with a very high immunity against the toxin 
died sometimes after a relatively small dose of the toxin. In this 
instance certainly hvpersensitiveness and immunity are in close affilia- 


tion and thus far this affiliation cannot be explained. A searching stud 
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diphtheria poisoning is well adapted for the advancement of our 
theoretical knowledge of allergy. The observation of Wassermann proves 
the existence of allergy; we see that guinea-pigs immunized only to a 
certain degree by antitoxin injection have not acquired a complete protec- 
tion against diphtheria, but respond to the introduction of toxin with 
a local inflammation. On injecting the toxin there appears on the place 

inoculation an intense local inflammatory reaction, later becoming 
sharply defined and leading to a necrosis of the affected tissue. The 


1 


inimal, however, survives, while a normal guinea-pig receiving the same 


dose of diphtheria toxin does not show a local reaction at the place of 
noculation, but dies quickly from the general effect of the toxin. 

\n allergy with regard to the time relations does not occur her 
The effects are seen early, whether the animals have been treated previ- 
isly or not. But the quantitative and qualitative change of the reaction 
is unmistakable 

Qualitative allergy: The animal not treated previously shows a gen 
ral poisoning ; the treated shows local inflammatory symptoms. 

Quantitative allergy: Local hypersusceptibility of the treated animal 

ynbined with a lessened susceptibility with reference to the general 
effect. In this case we have a passive allergy produced by the injection of 
antitoxic serum, but we have likewise an active allergy in diphtheria, 
probably analogous to the results after injection of horse serum, et 
Rist saw hypersusceptibility after the injection of the dead bodies of 


diphtheria bacilli without the toxin. 


In conformity with the cutaneous tuberculin reaction, Schick inves 
tigated the cutaneous reaction with diphtheria toxin in man. He demon- 
strated that the reaction produced by vaccination with diphtheria toy 


} 
} 


was not allergic, but due directly to the toxin, tl 


1 


lereby distinguishing 
tself fundamentally from the cutaneous tuberculin reaction. It is ver\ 
important to note that the reaction is much lessened by an addition of 
intitoxin or by a preliminary injection of antitoxin. Schick tried to use 
is results for the standardization of diphtheria antitoxin. Various 
amounts of antitoxin were mixed with a given amount of toxin, and then 
vaccinations were made with the different mixtures on the skin of man. 
In this way the amount of antitoxin necessary to suppress the reaction 
with a definite amount of toxin was determined. Roemer, in 1909, 
applied the intracutaneous method in guinea-pigs for the standardiza- 


} 1 


antitoxin in a way similar to the one Schick had used with the 


tion o 


cutaneous method in man. His results were very satisfactory. 


SCARLET FEVER 
The allergic manifestations of scarlatina differ from those in glanders 
and syphilis. It has been known a long time that the scarlatina nephritis 


e 


appears as a rule in the third week. None of the hypotheses thus far 
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If a guinea-pig is inoculated with a pure culture of tubercle bacilli, the inocu 


lation point, as a rule, seems to heal completely on the first day After ten to 
fourteen days a little hard knot appears which soon opens and forms an ulcer, 
lasting until the death of the animal. Quite different is the effect if we inoculate 
a guinea-pig already tuberculous. For this purpose animals are best used which 
have been inoculated four to six weeks previously. In such an animal no knot is 
formed around the small inoculation point, but on the next or second day a 
singular change takes place. The point of inoculation becomes hard and of a 
dark color, and after some days it is seen distinctly that not only the point of 
inoculation itself has become necrotic, but the neighborhood in a diameter of 0.5 
» len Later on a necrotic-looking skin falls off and a flat ulcer is left which, 
as a rule, heals quickly and definitely without an infection of the neighboring 
lymph-glands 

In this experiment we can distinguish the three kinds of allergy: 

1. Time Allergy.—After the first injection, ten to fourteen days 
lapse until the beginning of the clinical phenomena. After the second 
njection a necrosis appears within the first two days. 


2. Qualitative Allergy.—The first inoculation leads to a hard knot 
ol ilcer, and at the same time to a general infection. The second 
noculation causes symptoms which remain entirely local and produces 


the superficial necrosis, not even giving rise to an infection of the region 


3. Quantitative Allergy.—Regarding the process in its entirety, th 
guinea-pig is certainly far more sensitive to the first injection than to thi 
second, because the first injection leads to a cen ral tuberculosis, tl 

later only to an insignificant local lesion of short duration. But if we 


} 


inoculate a normal and a tuberculous animal at the same time, and look 
at the effect on the second day, we shall consider the tuberculous anima! 
as hypersensitive, because it shows a necrosis, whereas in the new animal. 
the vaccination has not yet caused any disturbance. 

In a very evident way, Trudeau already, in the year 1897, showed 
the change of reactivity of the tuberculous and the non-tuberculous 
animal! \fter a first infection of the animal by inoculation of tubercle 
bacilli in the eye, no immediate results appear, but a caseation sets in 
after two weeks, which leads to a complete destruction. In an alread, 
tuberculous animal there is an immediate reaction which, however, dis- 
appears after some time. ‘Trudeau, in his very excellent studies, was 
principally interested in the result more favorable for the animal, that 
s. the nsequence of the second infection. My point of view, of course. 
s principally the time of reaction, and the other differences we see 
between the first and second one. I should like to cite Trudeau’s own 
words: 

In t ontrols, two days after the introduction of the virulent material] into 
the eve, little or no irritation is to be observed, and little is to be noticed for two 
weeks when a steadily increasing vascularity manifests itself. Small tubercles 
ippear in the iris which gradually coalesce and become cheesy Intense iritis 

ul general inflammation of the structures of the eve develop, and in six or eight 
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weeks the eye is more or less completely destroyed In the vaccinated ani 
mals the introduction of the mammalian bacilli at once gives rise to a marked 


legree of irritation from the second to the fifth day the vessels of the con 


junctiva are tortuous and enlarged, whitish specks of fibrinous exudation appear 
on the iris and in the anterior chamber, and more or less intense iritis super 
venes: but, at the end of the second to the third week, when the eyes ¢ f the con 
trols begin to show progressive and steadily increasing evidence of inflammatory 


reaction, the irritation in those of the vaccinated animals begins slowly to sub 


side and the eyes to mend 


In this instance we see the good side of allergy in tuberculosis, 1. e., 


e protection against an infection, but this protection is only shown if, as 


in Trudeau’s case, the infection is made with a smal 


1] . 
f 


| amount of baci 


If instead of this, which we might call the physiological form of reinfe« 


tion, we apply artificial methods of injecting large amounts of tubercle 


acilli, we find again very intense and dangerous “anaphylactic” symp 


1S They can be el 


icited either by an injection of living or dead bacilli, 
or by injection of the extract of tubercle bacilli. 

1. Injection of Living Bacili (Courmont, Detro and Bail) \fter 
arger doses the tuberculous animals die within twenty-four hours. The 
deadly issue here is purely an accidental one. It is dependent entirely 
on the amount of the toxic product formed by the interaction of the 
antibodies of the tuberculous organism with the infecting material. If 
this amount produced in the early reaction is sufficiently great, the ani- 
mals die; if the amount is small—and this naturally happens when a 
smaller number of bacilli is injected—the reaction disappears rapidly 
and the animals do not succumb. The fact that the severity of the toxic 
effect is entirely dependent on the quantity corresponds exactly with the 


above-mentioned findings of von Pirquet in revaccination with cowpox 


lymph. The size of the early reaction of a previously vaccinated individ- 
ual was found to be dependent on the concentration of the lymph, while 


the amount of lvmph inoculated does not influence the size of the reac- 
tion of a subject first vaccinated. With a very diluted lymph only the 
time is lengthened at which the vaccination effect develops. Hamburger 


as proved that the quantitative effect of a reinfection in tuberculosis is 


dependent on the quantitity of tubercle ba njected and his results 
were confirmed by Roemer. 

2. Injection of Dead Bacilli (Strauss and Gamal ) Hi 
death occurs when a sufficiently large number of bacilli is injected. 

8. Injection of Tuberculin.—The old tuberculin of Koch, a boiled, 
concentrated and filtered bouillon culture tubercle bacilli kills tuber 


culous guinea-pigs in a dose of 0.5 gm., an amount which is borne witl 
out symptoms by an untreated animal. Tuberculous human beings are 
much more sensitive to tuberculin. Sometimes we see very severe symp 


toms after the injection of only 1 mg., and the same dose which is fatal 
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but on the whole about double this time is necessary after 
1 large amount of ba toemer and Joseph found, 
itaneous test, that small amounts are administered 


e allergy begins after a very long period, just as we have 
rard to the clinical symptoms. Of their experiments I wish 
n which guinea-pigs wel ifected with various amounts 
m 0.1 mg. down to one billionth of a milligram, and 
r three, five and eight weeks intracutaneously with 2 cg. 


The guinea-pigs which ha received 0.1 to 0.001 m 


mse reaction after three weeks. The guinea-pigs with 10 


ind 1 microgram showed a weak reaction at that time, which 


100 of a microgram began to react after five weeks 


also it is probable that there exists a time of incubation of 


f 


least. extending from the infection with a small number 


assume that, as a ru a period of one to three months 


the cutaneous reaction becomes positive, s e 1tS appe 


fies a rather intense sensitiveness. In this way the cases of tuber- 


ngs may pe expli ined, where in the absence of a n iliarv 


very slight reactivity exists remaining below the threshok 


reaction. I am of the opinion that these cases are in the 


ing not yet attained their full power of reactivity. It is 


it after an infection with tuberculosis, the reactivity remains 





eral years, whether the tuberculosis has developed pro- 


ether it has been localized. and even after a decrease of 


+ 
‘ 


oupled with the disappearance of the antibodies, a slig! 
1 } . 7 f > 

reinjection with tuberculous toxin arouses again the forma 

dies and reestablishes a his 


her degree of rea tivity. 

rd tuberculosis shows a difference from the serum disease, 
at the tuberculin is not able to produce allergy in the nor- 
Neither with small nor large doses (F. Hamburger) is 
luce an allergy in an absolutely healthy and non-infected 


living bacteria has this effect 


that only the infection wit! 
Reaction All symptoms of allergy, of which we have 
w. belong to the group of immediate reaction, but we have 


» the findings in vaccination and serum disease, also signs 


ht to twelve days. To this class belong some cases of 


ng a latent inactive tuberculosis of old date and of a 


ter, we s¢ not verv rare that t utaneous reaction 
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pears, not within twenty-four hours, but after a latent period of se 

davs. This reaction may be explained on the assumption that at the time 
of the test, no more antibodies were present, but that the vaccination wit] 
the tuberculin stimulated a renewed formation of antibodies. This 
renewed formation of antibodies proceeds like the accelerated antibod 


formation to which I called attention when speaking about serum disease 


en 





> ' , ; “ 
and precipitin formation Among the same group of people, that Is 
apparently healthy adults, we meet with “secondary” reaction v 
osely related to the above-mentioned reaction Continuing the test 
ally in cases in which the first cutaneous reaction was negative, a pos 
: tive reaction appears after some days, and sometimes simultaneously t! 
old vaccination points become positive 
‘ ut must be due to a general reformation 
| 
: lay on, tests made on different parts 
reactions. 

Roemer reinfected previ 1s tubercu d cattle with large doses of 
tubercle bacilli. Among his cases I found good strations « celer 
ated reaction in the appearance « veneral sympton 

In Animal 10, the zh fever appears on the same evening, that is an in 
mediate general reaction. In Animal 17, it appears on the fourth dav icceler 

~ ated reaction. In Animal 20, on the first and then again on the fifth day 
immediate and accelerated reaction, the double form I have described in the case 
of serum disease in man 

From this accelerated reaction we have to distinguish the early rea 

on. Here there is no evidence of a reformation of antibodies, but we 
see a very slow chemical action of the existing but diluted antibodies 
The reaction appears not within twenty-four hours, but somewhat later, 
ncereasing steadily to a certain point, but not generally to a great inten- 
sity. We may gain a clearer understanding of these forms of react 
v recalling the results of my experiments in which the cutaneous rea 
tions were made with different dilutions of tube n, and in which t 
lifferent areas of the skin showed a different degree of sensitiveness. that 
s, some parts were highly sensit ve, owlng to a greater concentration 
antibody at the place of vaccination. w] thers were slightlv sensi- 
wl tive, having only small amounts of antibod Using the tuberculin on 
parts of the skin rich in local antibody, the reaction appears rather sud- 
lenly after a very sharply defined period of latency, and attains it 
iximum within a few hours. On parts of slight sensitiveness. ths 
action begins after the same period of latency, but increases very slow] 
Finally the reaction proceeds to the same intensity, but at the beginning 
an remain for a rather long time under the thres 1 of evidence 
that 1s smaltier than the traumatic reaction 
Passive Allerqy.—The first experiments with regard to t ring 
€ sensitiveness against tune! n with ft serum 0 rf s an 
: 
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the reactivity is decreased to such an extent, that the cutaneous reaction 

ecomes negative, reappearing only after some days (Vallée). This kind 
of anergy is to be explained by a saturation of the antibody (Hambur- 
ger). It can be continued by repeated injections of large doses (Schloss- 
mann, Engel and Bauer). Soon after the last injection, the reactivity 
is reproduced and attains to the levei of the cutaneous reaction after eight 
to fourteen days. Besides this kind of allergy, it is possible that another 
kind of immunity exists which may be due either to another antibody or 
to a different localization of the same antibody. In this way we could 
explain cases where several months after tuberculin treatment, a high 
degree of immunity or allergy still exists. 

6. A long time after the onset of tuberculosis. If we make tests on 
people of different ages, we find progressively with the increase in age a 
growing percentage of clinically healthy people who show a very slight 
reactivity. (Subcutaneous reaction with high doses; no immediate cutane- 
ous reaction.) Most of them become again susceptible several days after 
the test, and show then “secondary reactions.” Post-mortem examina- 
tions of cases of this kind have revealed obsolete foci, for the most part 
small (E. Hamburger). We might, therefore, assume that in these cases 
we are confronted by a period of lessened reactivity several years after 
an acute stage. 

7. Finally, there are some few cases in which we have a minimal 
reactivity, although none of the former explanations can be applied: 
Some cases of active tuberculosis have only a slight allergy, although they 
are not cachectic. 

Is it possible to bring these facts into simple relation to the presence 
of antibodies in the serum of tuberculous individuals? Reviewing the 
properties of the organism and of the serum of tuberculous individuals 
with which we are at present familiar, we have the following: 

1. Property of the body participating in the inflammatory reaction 
with tuberculin. This property appears as a result of an infection with 
tubercle bacilli after a period of incubation. It may be lessened by 
injection of large doses of tuberculin. 

2. Properties of the serum of tuberculous individuals: A. In some 
cases the serum is able to carry the first-mentioned property to another 
organism, that is, to give a reaction with tuberculin (Preisich and Heim, 
Helmholz, Bauer and the case of Graham and White). B. In other 
cases the serum has an inhibiting effect on the tuberculin reaction (Pick- 
ert and Loewenstein). It has been noticed that this latter property is 
seen especially in those individuals who have been treated repeatedly with 
increasing doses of tuberculin. The precipitins, agglutinins and com- 
plement-fixing antibodies occur, we are told, under the same conditions, 
that is after repeated treatment with tuberculin. The agglutinins found 
by Arloing and Courmont and Koch never appear, according to Juergens, 
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when a human tuberculosis heals spontaneously, and rarely in the course 
of a spontaneous tuberculosis of guinea-pigs, but they occur regularl 
after the treatment of healthy or tuberculous animals with tuberculin 


Salge, however, found agglutinins also in untreated children. and Schka 
rin especially in those suffering with scrofulosis. The results with regard 
to the precipitins (Bonome and Mangiagalli) are no more constant. Nor 
do the first reports concerning the antibodies which cause fixation of com- 
plement (Bordet and Gengou in 1903, Wassermann and Bruck in 1906) 
show any uniformity. Wassermann and Bruck and Luedtke found these 


especially after tuberculin treatment, whereas Morgenroth and Rabino- 


vitsch could not confirm these results. Citron described their occurrence 
in different groups of cases, particularly in those which had been treated, 
and which had a high insensibility against tuberculin. Bauer never 
found such an antibody in tuberculous children before treatment, but 
they were formed regularly during the treatment. In non-tuberculous 
children it was, in spite of very large tuberculin doses, absolutely impos- 
sible to produce these antibodies. Investigations with regard to a possible 
relationship between tuberculin hypersensitiveness and the antibodies 
concerned in the fixation of complement seem to be beset with great 
difficulties. Armand Delille states that ther exists a con plete paralle] 


ism, while Wolff and Muesam, as well as Sigismund Cohn did not find 


this to be the case. Engel and Bauer. who have the largest experience, 


differentiate four groups of tuberculous children: (1) tuberculous 


achexia: nearly absolute insensibility against tuberculin and no anti 
body formation during the treatment; (2) extensive tuberculosis, but 
with a better general state: high sensitiveness which cannot be lessened 


by tuberculin treatment ; at the same time a large amount of complement- 


inding antibody is formed; (3) obsolete and inactive small foci in 


y} 


healthy children: slight reactivity which disappears very easily after 


ascending doses of tuberculin; at the same time very slight or no anti 
body formation; (4) finally middle cases: moderate sensitiveness, gradu- 
ally decreasing during treatment, and a moderate formation of antibody. 

It would be possible to explain these results on the basis of only one 
kind of ergins, if we select from the 


1 


great variety of data only t 


which could easily be covered by such a theory. Supposing these ergins 
are present in small amounts, they unite with tuberculin with the forma- 
tion of a toxic substance and give, therefore, inflan matory reactions 
within the tissues. Furthermore, on injecting serum containing these 
ergins in another individual, this individual will then react with tubercu 
lin in a like manner. When present in large amounts, these ergins 
should be capable of neutralizing the formed toxin (or the reaction 
between ergin and tuberculin ma proceed differently with little or no 


formation of toxin). I only mention this as one possibility of explana 
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tion s 1 more probable that in reality these p sses are of 
i far 1 plicated nature 

Pul) ary Tuberculosis of Adults as an Allergic Phenomenon.—Von 
Behring the first time expressed the idea that pulmonary phthisis was 
not the « quence of an infection acquired a short time before the onset 
of the disease, but that the patients had been infected with tuberculosis in 
their ear ith. His further ideas—that this first infection was brought 


bout in the first year of life, and was caused by tubercle bacilli contained 
in cow’s 1} were erroneous. But his conception that in the tuberculo 


sis of the lungs we have to deal with a secondary, or rather a tertiary 


manifestation of the tuberculous infection has become very probable 


\lready extensive post-mortem examinations of adults have shown that 


neal all men become infected with tuberculosis during their lifetime. 
is in nearly every one some slight residue of a smaller or larger tuber- 
( s process is found (Naegeli). Since the local tests have been applied 


on large numbers of individuals, and since many statistics have been 
based on careful dissections of children of all ages (Ghon, Albrecht), we 
know that this large percentage of tuberculous lesions is not found during 
infan With very few exceptions, newly born infants have no signs of 
tuberculosis, and only about 5 per cent. become infected during the first 
vear of life. Even these are not included in the number of tuberculous 
adults, because nearly all infants infected so early in life die some months 
after the infection, but we see that after the first year, there is a constant 
increase in the percentage of slight tuberculous lesions, and therefore, of 
infections which do not lead to death. It may be stated that at least 
about 5 per cent. of the children of the poorer classes become infected 
each vear in cities in which tuberculosis of the lungs is prevalent among 
adults, as in Vienna and probably New York. Therefore, when these 
children reach the age of twenty years, nearly all of them have been 
infected with tuberculosis (F. Hamburger). The first infection in earl, 
childhood is hardly ever followed by an excavating tuberculosis of th« 
lungs. We find either a small local infection of the lung only, and some 
foci in the regionary glands, or we find a dissemination especially in the 
lymphatic system and the bones, often concomitant with a tendency t 
catarrhal symptoms of the mucous membranes and the outer skin (scrof 

losis). In cases of generally disseminated tuberculosis occurring during 
the first vears of life, the upper parts of the lungs are not especially 
ffected and a cavity is hardly ever found. In the adult, on the contrary, 
the upper parts of the lungs form a seat of predilect on for the tuberen 


] 


lous process. No doubt there exists a verv interesting difference in th 


localization of the disease. The fact that the apices of the lungs of adults 
are places of predilection has been explained on anatomical and phvsio- 
logica nds (ventilation deficient). Bantel thinks that the lung 


tissue in its = less resistant than the other tissues. One might as} 
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' er th ng cure disposition to that spe ! «tion 
vancing age la ther inclined to think that the reason ma 
ve that an infection In « dhood has left an allergic condition to tuber 
losis, producing a tendency to new forms As in discussing vaccinia, 
| shall consider the effect of a renewed infection with tuberculosis in 
ndividuals who have become allergic in consequence of an infection 
§ during childhood. When a tuberculous animal is injected with a larg 
number of tubercle bacilli, it shows sudden svn ptoms within twenty-four 
rs, leading to an immediate de ith, or at ieast to a high tever begin 
4 ning immediately after the injection. When a small ai nt is inject 
I s second slight injection leads to an ear but rap heanne (oe 
esion (Koch) 
3 Trudeau, in 1902, injected guinea-pigs with virulent cultures of 
; verculosis and paid special attention to the post-mortem findings in the 
; 
: ings. He found that guinea-pigs which had before been infected wit 


in attenuated strain of tubercle bacilli showed, after the second infectior 


: ; 
3 far more marked reaction in the lungs than the controls, 
: 
é s0 as to give the impression that the protected are more susceptible than 
t controis, but the Immunit s shown the vt 1 t the lesion so 
' 
' } } 
‘ i idly produced tends in the protected animals to ret n localized, to 
H etrograde and become absorbed. 
4 ] 
5 This has been prove rthermore F. Hamburger. who showed 
it cutaneous infections in allergic animals made a ve igitive impres 
on on the skin lhe result of the reinfection. whether it leads to death 
r to a local lesion of short duration is entire dependent on the amount 
sed \ small number of bacilli cause reinfections from the outside, but 
n rea | 1 conceived 1 il 1 reintection yiti - ew it large! 
umber may take its origin from foci inside the body. The glands can 
, , } j f 
1 oO! iving tubercie baci! or a mo time | suc} 1 focus s 1 he 
erm or instance ) traumatism o n operation ( cl irges a irae 
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than the smallest dose necessary to give a fatal tuberculosis to a normal 
guinea-pig) a second infection showed no lasting results at all. nereas- 
ng the d ten times, indurations occurred at the point of injection, 
caseation the regiona mp] inds, an 1 point which interests us 
especia tv formation in the lungs. Roemer furthermore con- 
ducted experiments with the object of determining ther this cavit 
rmat ‘ ed o1 on reinfection wit! 1 derived from a sour¢ 
outside dy (“additional infectior sehring), or whether 
acilli g n in the same organism could also produce this lesior He 
ook a t s gland from a tuberculous guinea-pig, made an emul 
sion of the glan nd injected it subcutaneously into the same guinea- 
I \ sides s ocal changes, a cavity formation in the | r 


in produce tuberculosis of the lungs. 
In the human organism such an auto-infection could be brought about 


not only by the mechanical opening of a gland containing an old culture 


f tubercle bacilli. A second possibility is given when a latent tuber: 
sis exists and the organism passes through a period of “anergy.” This 
supposition is thus far purely theoretical and rests solely on my demon- 
stration of anergy in measles. In the last chapter it was mentioned that 
the sensitiveness to tuberculin drops to a minimum for about a weel 
. : 


In the sense of our theory 


+ 


ption of measles exanthema. 
this means that the antibodies necessary for this reaction are absorbed 
that is, are not free to combine with the tuberculin—or that some condition 
necessary for their interaction with the tuberculous virus no longer exists. 
For the explanation of the auto-infection on the basis of anergy we shall 
keep in mind, first, the diminished sensitiveness during the eruptive 


stage of measles, and second, t 


he old clinical experience that during the 


same period a latent tuberculosis may disseminate itself acutely through- 
out the whol body. | therefore advance the hypothesis that tubercle 
bacilli, which are located in the center of foci surrounded by reactive 
zones, can grow within the reactive zones, penetrate them and enter the 
general circulation during the period when the antibodies are lacking or 
unable to display their function with regard to the tubercle bacilli. After 
the period of anergy reactivity begins again, and foci are 
point where tubercle bacilli have been located. 
[ should suppose, although it is not vet proved, that similar periods 
f anergy will be found in the course of other diseases, and that the 
influence which some periods of life possess in the spreading of tubercu- 
osis, according to clinical experience, will be explained in the same way 
It is a remarkable analogy between measles and pregnancy that, in tl] 
latter, cavity formation in the teeth progresses often acutely; likewise we 
see in measles the invasion of the body by various affections of the mucous 


e skin. 
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In vi oregoing we may distinguish three states of tubercu 
osis analogous to syphilis: (1) primary tuberculosis; primary eff I 
place of infection with participation of the regionary lymph-glands 
(2) secondary tuberculosis: a more or less general spreading of the tubs 
ulosis some time after, but in direct connection with the prin 
tion: and (3) tertiary tuberculosis, a spreading of the t rculous p 
ess, occurring years after the primary infection, with intense reactive 
processes, and especially cavity formation. 


When the first infection takes place during certain favorable periods 


of life (childhood, not infancy), the disease does not pass t ry 
ocalized lesions. An infection in infancy, especially in the first year 
of life, is nearly alwavs followed by a fatal secondary state. Some indi- 
duals develop a non-fatal secondary state of long duration (scrofulosis) 


} 


All individuals who have passed through a primary or a s ndary 


{ + ' | YY 


state in their youth, possess for the rest of their life so 


é resistance 


against a new infection from outside. But they are in danger of passing 
rtiary state of tuberculosis by auto-infections with bacterial cul- 
tures contained within some old lesions in their own body. These cul- 
anical opening 01 their 


tures can enter the circulation either bv a 


capsules or during anergic periods (disappeara 


the bacilli can penetrate the reactive zones 


CONCLUSIONS 


Having passed in review all the details of our knowledge in conne 


tion with each group of diseases, it now remains to give the res ilt of our 


nvestigations. In order to study the change of reaction, we had to study 


what the clinical reaction in itself means to the bod We have seen that 
in most of the diseases which we have here considered, the clinical reaction 
was not an immediate consequence of the infection, but that it was a 


a phenomenon which could 


phenomenon of a more complicated natur 
not be explained simply by the action of a micro-organism of some other 
foreign substance on the tissues, but involving the existence of a thi 
factor. This third factor appears only some time after the firs nfe 
[In order to arrive at some explanation of this third factor, it first of 

appeared essential to study the time in which the reaction appears, and 


nT 


here we may distinguish between the following groups: 


ROUP I.—THE REACTION APPEARS AFTER EIGHT TO TWELYV 
We have found a number of diseases in which a period of eight to 


twelve davs elapsed between the infection and the clinical reaction. This 


is true not only of spontaneous infectious diseases, like smallpox, meas 
whooping-cough, chicken-pox and others; we see it also if we pro 


artificial infection on the skin with a micro-organism belonging to that 
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h vaccinia The same phenomenon is seen atter the 
nyectior orse-serum in man: in the serum sickness of man we have 
an exal ’ on-infectious disease following the same rules of tim 

But the clinical appearance of disease is not the only reaction follow- 
ng this la The formation of certain antibodies and the appearance ol 


a change in the reactivity are two other phenomena following the sam¢ 


Between the injection of horse-serum in the circulation of rabbits 


and the earance of precipitating antibodies in their blood a period o 
elg t davs is consumed. The same period furthermore elapses 
et e injection of different proteins in the guinea-pig and the 
ip} iT I state of hvpersusceptibilitv against the lentical kind o 
proteit 


REACTION APPEARS AFTER THREI ro SEVEN DAYS 


“nder certain conditions it has been noted that the time of the rea 
tio : between three and seven days \ man revaccinated ten years 
iftel : st vaccination does not require eight to twelve davs for the 
development of the reaction: on the contrary, the clinical manifestations 
ippe the short period above mentioned. Similar phenomena seen 
after t niection of horse-serum in man after a long interval, while 
finally, the time of precipitive formation is shortened also on reinjection 


When an animal which has been injected several months previously, but 

ts precipitating antibodies, is injected again, the anti- 
appears at this early date 

GROUP III rHE REACTION APPEARS IMMEDIATELY 


tvpe of reaction with regard to its time re lationship is the 


m1 e reaction Clinically the most striking examples of this are 
Se vhen : ild previously treated with antidiphtheria serum receives 
inothe ection some weeks later and shows within a few minutes a 
cen : rticaria. edema. and signs of collapse. Even more im 
press t ehavior of guinea-pigs. when a second injection given 
nt ( ntracerebrally leads to immediate death. We have seen 
is type eaction occurring within twenty-four hours in vaccinia, 
I = ind ) several othe liseases 
ATIV VD QUALITATIN CHANGES OF TH EACTION 
en s wn that we can cleat distinguish between three 
o tions regard to the time at wht the ippeal But 
1s fferences observed in this regard, there are changes in the 
ea ns | regard to their intensit and the r qualit First. infec- 
ns wit sma amount ot micro-organisms wert fol owed by a far 
el tiol in the subsequent infections. On the other hand 
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But I had seen that the symptoms of serum disease appeared mort 
than a week after a first injection of horse-serum in man, while, after a 
second injection, these symptoms appeared immediately. This was en 
tirely contrary to every rule with which I had been familiar. It appeared 
to me, therefore, that the whole question should be approached from an 
entirely new point of view. The first outbreak of serum disease coul 
be due to an evolution of any constituent of the injected serum; it must 
that the organism had to take part in the reaction by the formation of an 
antibody. The presence of this antibody might then lead immediately to 

reaction on a second injection. The reaction in either case resulted 
om a combination of the antibody with the horse-serum, forming 
: toxic compound, and this toxic compound was the cause of the sympton 


the disease. This explanation involved also quite a new conception of 





5 n antibody. Thus far the antibodies were numbered among the protec- 
} tive substances, which 1s just the contrary of the suppositio1 Diphther 

4 . . ‘ , , ry) . , 

J antitoxin was considered as a typical antibody. The action of this ant 


dy is to neutralize completely the antigen, i. e., the diphtheria toxin. 


4 i 
‘ vhile in my hypothesis these other antibodies form a new toxic body wit 
the antigen. The principal new conception consisted in the suggestion 


at that time adherents of the school of Ehrlich. like Kraus. took strone 


; that a disease might be due indirectly to an antibody, an idea to whicl 

: 

exception. 

: I shall illustrate my idea by the following example: A man takes an 

; insoluble salt not decom posed in the digestive tract. The salt partic les 
will slowly pass through the whole intestine and leave the body without 


any action. But now let us suppose that the invaded organism has tly 


property of changing the gastric juice according to the foreign b 
which enter the stomach. Let us suppose that this salt would elicit 
ifter a period of eight to twelve days a spe gastric juice, able to 


dissolve the salt. If after that time a part of the salt has been 
eft within the intestinal tract, it will now be dissolved. Now it may 

as a poison in either of two ways: First, the salt itself in 
solution is a poison; second, a new body formed by a chemical union 


the stomach juice and the salt may be a poison. Granted ow 


suppositions, the general symptoms would appear after eight to twelv 
days, a time analogous to that at which serum diseas« appears aite!l 
the first injection of horse-serum. ‘Two weeks later the stomach wil 
still secrete this specific juice. If the man now takes this insoluble 
salt again, it will be dissolved immediately after it has passed inte 
stomach and will elicit an immediate intoxication, analogous to th 
early reaction after the second injection Ol serum. The degre or 1 
intoxication will be dependent on the amount of salt taken. In the first 


nstance, the degree of the intoxication is not so much dependent on the 
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amount of salt taken, as on the amount still in existence when the secre 
tion of the special juice sets in. 
We may take another example, in which the intestinal canal figures. 


in order t explain my conception with regard to the infectious diseases. 


A man takes milk containing a small number of bacteria which cannot 


ve attacked iny of the intestinal juices, but which find a good medium 
in the walls of the intestinal canal. The bacteria will form colonies 
vherever the settle, and each of these colonies will grow slowly. Now 


ain that the bacteria stimulate the secretion of a speci fic 


ferment in the beginning of the second week. With the appearance of 


this terment the digestion ol the bacteria, the absorption ot toxic pro- 


1 


ducts, and therewith the disease begins. Again there are two possibilities : 


the ferment may be able to dissolve the bacteria and the colonies will be 


killed in toto; a large amount of toxin would be produced at once, the dis 


ease will be intense but will come to an end after a very 


f 


ew days. Or the 
ferment acts only on the produc ts of the bacteria or on their dead bodi« 8; 
then the disease will not set in so acutely but will last for a long time 
The first example corresponds to the acute infectious diseases, especially 
to cowpox, and the second to chronic infections and espe ially to tubercu- 
losis. In both cases the question remains whether the contents of the 
bacteria or their products are toxic in themselves, or whether the com 
} 


bination of these with the ferment constitute the agent harmful for the 
organism 


We can study an example of an acute infection very well on the skin in 


} 


vaccinia. To make myself ( learly understood | shal] ave to re peat Some 


of the data given in the first chapter. A colony of the micro-organism is 
formed on the skin. We can observe its growth from day to day, and we 
see that it follows the same rule of growth as a colony on an agar plant 
(Fig. 1, first row, A). On the eighth day this colony is filled with an 
enormous number of micro-organisms. We can take the contents of a 
vaccination blister and make new colonies on thousands of other arms 
But one or two days later the ferment-like antibody appears. The colony 
is attacked, its contents digested and a toxic body is formed by that 
digestion. ‘This is diffused in the neighborhood and elicits the intense 
local inflammation which we call area. In addition the toxin enters the 
general circulation and produces fever. At the same time the micr 


} 


organisms are killed, and we can no longer vaccinate with the contents 
of the now yellow pustule. After two or three days the struggle with 
the micro-organisms is finished, but the organism contains the new anti- 
body for a le ng time. 

Now we revaccinate. As long as the antibody is present. the micro- 
organism introduced into the scarification of the skin is attacked and 
digested immediately. The micro-organisms have not the time to multi- 


ply and therefore only an extremely small amount of toxin is formed 
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This is the immediate reaction designated “early reaction” in vaccinia 
(Fig. 1, second row, B). If a number of years have elapsed between the 
first vaccination and the second, the antibodies are no longer present but 
the organism has retained the property to form them more quickly than 
on the first occasion. Here we see that during the first davs the organ- 
isms mult (Fig. 1, third row, C) as in a first vaccination, the anti- 
bodies are produced more quickly and attack the micro-organisms after 
only four or five days. Since the micro-organisms have not had time to 


} 


ufficient numbers, the amount of digestion products is rela 
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Fig. 3.—Effects of horse-serum in man 


tively small. The result is a comparatively small local inflammation, 
and practically no general symptoms 

In the following pages I shall pass in review the whole subject, illus- 
trating it with diagrams. This will give me the eeihaines o tou h on 
several other points and will aid in making the subject clear. In all 
the figures the time is indicated as abscissa. The antibody is indicated 


DY vertical shadings below thx abscissa, and the antigen (or allergen) is 
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shown b orizontal shadings above it. By this antigen (Detre’s term) 
1 understand a substance which is able to give rise to an antibody in the 
organisn Figure 2 shows in a verv schematic manner t ormation of 
precipitin in rabbits. On the first day a considerable amount of hors 
serum is injected. This horse-serum does not disappear immediat 
Its presence can be shown by a daily test with antihorse-serum of anothe1 
4 animal. We see then that the amount of the antigen present in the ves- 
sels of the rabbit diminishes slowly from day to day. On the tent 
with another test (that is, mixing the serum of the rabbit th horse 
j serum), we detect the formation of a precipitin. The precipitin increases 
3 to a considerable amount \v l ! 1 then 1 ns ) t 
the same height fi nger p 
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Fig. 4.—Effects of horse-serum in guinea-pigs or rabbits 


EFFECTS OF HORSE-SERUM IN MAN 

In Figure 3 we meet one fact encountered in Figure 2, i. e., the 
nection between the antigen and its antibody. Here we have injected the 
horse-serum not into a rabbit but into man, and are able to observe the 


‘ effects of the toxic body formed when antigen and antibody meet, that is 


the serum disease. We see that at the time when the antibody arises, and 


fa. 


therefore the antigen disappears, symptoms of general disease occur. The 


supposed connection is that these symptoms are due to toxic bodies formed 


- 
by this digestion of the allergen through the antibody. To the right of the 
‘ : , . _ = . . 
figure we see in a schematic way the effect of a reinjection. With the 
: first injection, the horse-serum was present at first and the antibody arose 


later. Here we have the contrary: the antibody is present and the horse- 


but the effect is a similar one, except that the tox 


serum comes later, 


’ 1 : 
+ t we ca an immediate 


body is formed immediately and elicits what 
reaction. 
In Figure 4 we return to the rabbit, in order to show what the rein- 


ns. We 
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be some serum disease after an incubation time. This is only a supposi- 
tion, because the clinical phenomena of it could not be so easily proved as 
in man. I say, therefore, that the phenomena due to the toxic body are 


helow the level of clinical observation. This level is shown by a broken 


horizontal line On reinjection the immediate reaction rises far above 
this line, and if we apply the horse-serum to a very sensitive part of the 


body, for instance, if we inject into the brain, it even reaches a second 
broken line, i. e., the limit of death. 

In Figure 5 we assume that we injected with horse-serum a rabbit 
which had been injected several months before and which had alread, 
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Fig. 5 Accelerated serum disease 


lost the precipitin in its blood. We see here that the antibody appears 
as early as the sixth day, and consequently the horse-serum disappears at 
the same time. This is the accelerated reaction. In rabbits, however, 
we are not able to observe the clinical phenomena seen in man, indicated 
by the lower part of the figure. The serum disease appears after an incu- 
bation time as short as five days. 

Figure 6 adds one more complication to the process. A man is 
injected who had been injected before and who still contains antibodies. 
The horse-serum reacts first with the existing antibody. The toxic 


substance produced at that time causes an immediate reaction, but the 
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rum is relatively larger than the amount of antibody, 
and after the union has taken place, no free antibody is left. After a 
period of four days a new formation of antibody begins. 1 

destroys the remainder of the horse-serum, and the result is again a 
toxic action, an “accelerated serum diseas« I have described these 
cases of a combined early and “accelerated reaction” in the chapter on 








serum disease in man. During the time the antibody is lacking a repeti 
on of the horse-serum injection has no immediate effect, because the 
horse-serum finds no antibody to unite it. This is shown in Figure 7, 
which shows an experiment on a rabbit several weeks after the first injec- 
tion of horse-serum. It contains antibody. A second injection (a) is 
performed. The horse-serum injected unites immediately w the exist 
a a 
Second vaccination 
! after long interval 
Sg ‘ 
Short incubationAccelerated 
Yeaction 
Fig. 9.—Second cowpox vaccination t long intery 


ing antibody, thus forming the toxic body, and so elicits acute symptoms 


If they do not reach the death limit, the animal survives. On injection 


4 
ANODE ib set Se ee 


twenty-four hours later of a third amount of horse-serum, no symptoms 
occur. This phenomenon is called by Nicolle “antianap xis.” ‘J 
animal requires some time for a renewed production of antibody and wher 
1 this is accomplished, it becomes susceptible again. The serum disease 
which ought to be concomitant with that reformation of antibody does 
§ not reach the threshold of clinical observation 
4 Now we come to the infectious diseases (Fig. 8), and ta is an 
example vaccination. The difference from thé n examples lies ir 
; act that the allergen is not introduced directly in a maximum amount 
j ut develops gradually during the incubation time. Therefore, the curve 
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above the line reaches its maximum on the tenth day; when its further 
Lrowth ts checked hy the appearance of the antibodies it decreases rapidly. 
The digestion of the allergen again gives rise to general symptoms whic] 
are noted as a leverish state of vac¢ Inia. Two other experiments are 


noted on the same figure. The one js revaccination in the usual method. 


A minimal amount of allergen js put into the skin. producing a slight 
local reaction. while the genera] reaction does not reach the threshold 
of clinical observation. But if we Inject the lymph of vac Inia, thereby 
introducing a large amount of allergen in the body, a greatey amount 
OF toxic body is formed. eli: iting an intense local] reaction and genera] 


sYinptoms, both disappear ng rapidly.* 





ee i SN nee en 
Injection OF Limit 0¢ death | = 
| tubercle bacilli pan "s COO” tt 
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———— 





Fig. 10 Injection of large amount of tubercle bas hi 


Figure 9 shows an ace lerated reaction in yac Inia. The early reap 
i the antibody jis analogous to the phenomenon shown in Ficure 
+. The difference Irom a first vac ination (Fig. 8) js that the vaccinia 


micro-organisms have not had time to de velop to any considerable extent 


during the short time required for th, production of the antibody. The 
toxic bod rmed is therefore too small in amount to give rise to an 
intense general reaction. [{ hardly reaches the threshold of « linical mani- 
festation, and the only phenomena seen are of a local nature. 


2. Certain phenomena of lessened yx tetivity during the time of the first vac 
cination are left out purposely, because the time is not vet ripe for the dis ussion 
of these « mplications rhey are treated more explicitly in mv book 
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Figure 10 shows the condition in an infection with a large number 





of tubercle bacilli, as in Roemer’s experiments on cattle. As in vaccinia, 


with the appearance of the antibody, a toxic substance is formed leading 





to fever, but in tuberculosis unlike vaccinia the allergen is not destroyed: 
the tubercle bacilli keep on growing and after some weeks cause the 





death of the animal. 
Second injections of horse-serum in animals may also be followed by 





death, but in the case of tuberculosis the death limit is reached by wholly 






iifferent means. In the reinjection of horse-serum it is simply a question 





of the penetration of the foreign serum into the central nervous system 
whether the death limit be reached or not. If the allergen be digested 






locally at the point of application and do not reach the central organs, 





the animal survives the shock. In tuberculosis after ample infection, 





the death limit is reached of necessity, and it is only a question whether 





death will oceur sooner or later. 
In tuberculosis it is exceptional to see an acute clinical phenomenon 





so early as is shown in Figure 10. As a rule the incubation time both 
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Fig. 11.—Slow antibody formation after infection with few or attenuated 






tuberele bacilli. 










of the clinical phenomena and of the manifestation of allergy is a far 





longer one. To understand this we must revert again to vaccination, to 





those cases in which we use a very diluted lymph. We see then that the 


incubation period is lengthened. Extremely small amounts of allergen 





seem to elicit the antibody formation only very slowly, a phenomenon 





which we also met with in the experiments with horse-serum on guinea 





vigs. And Roemer’s experiments with tuberculosis show that the anti- 
I ] 





body formation can occur very late after an infection with few or with 






attenuated germs (Fig. 11). In these cases the human organism is abl 





to resist the infection and to overcome it in time. Clinical facts to which 
I allude are the bronchial infections of older children, and Figure 12 
explains the train of events. In this figure the time is marked in months 


instead of days. The antibody, although slowly formed, precedes the 






tubercle bacilli and so is able to overwhelm 





growth of large masses of 
them. After some time the allergen begins to decrease; that means that 
the bacilli are localized. A very small amount of toxic body is produced ; 
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the clinical symptoms hardly reach the threshold of manifestation. After 
several months practically no more free allergen is present in the organ 
ism; the antibodies, however, are present for a much longer time and 
decrease only slowly. 

We can distinguish several periods in this type of weak tuberculous 
infection. During the first weeks (a to b in Fig. 12) tubercle bacilli are 
slowly growing with no clinical reaction. This is a period in whi 
tubercle bacilli may be found only microscopically, or by injection of the 
tissues in animals (Bartel’s lymphatic state). Between b and c the 
antibodies slowly increase just as the tuberculous process does, but the 
formation of toxin is a slight one, so that the general symptoms do not 
reach the threshold of clinical manifestation. Between c and d the strug- 
gle is at its height, leading for some time to general symptoms, such as 
loss of appetite, anemia, fever, but is terminated by the successful fight 
of the antibodies against the bacilli. In the period d to e therefore the 
allergen, i. e., the tubercle bacillus, does not play any réle in the general 
system, but the existence of the antibodies can be proved by the tuberculin 


Days 
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Fig. 13.—Cutaneous and subcutaneous reaction in a case f healed 

culosis (“latent inactive tuberculosis’ 


reaction. After e the antibodies fall below the level of the cutaneous 
reaction. With this level I introduce a new conception. The antibodies 


} 


must be present in the tissues of the skin in a certain concentration, in 
order to give a positive cutaneous test with undiluted tuberculin. If we 
inject the tuberculin into the subcutaneous tissue, we can still 


it 


elicit positive reactions. The level of the subcutaneous reaction is a 


lower one, as is shown in Figure 13, which is supposed to form the con- 
tinuation of Figure 12 after point e. A minimal amount of antibodies i 


present, an amount not Dnly below the cutaneous but even below the sul 


At uD 
cutaneous level. An application of tuberculin in any way arouses a 


renewed formation of the antibodies in the same way as is seen in Figures 


t and 8. When the new-formed antibodies enter t] lation, we 


ne cireu 


expect to see some phenomena corresponding to the 


&“ } 
act elerated reac- 
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tion.” This is exactly what happens if we make a skin test; we find local 
papule formation occurring between the fourth to the seventh day. If 
after that date we make again a cutaneous test (point b Fig. 13), we get 
an early reaction (“secondary reaction”). Generally the organism cannot 


be stimulated to further production « 


f antibodies by means of the cuta- 
neous inoculation, and a following cutaneous test c elicits the same size 
of papules. After some time the antibody content of the organism 
decreases again. Let us suppose that it stands between the level of the 
cutaneous and the subcutaneous reactivity. If we make a cutaneous test 
at point d, Figure 13, we would get no reaction, but if we inject say 
1 mg. of old tuberculin subcutaneously, we get a Stichreaktion. This 
procedure stimulates a renewed antibody formation, and at point f the 


cutaneous reaction will again become positive 
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Fig. 14 luberculous “immunity” (better “anergy”) by repeated large doses 


of tuberculosis 


In Figure 14 an explanation of the effects of the administration of 
large amounts of tuberculin is tried. Two base lines differentiate between 
the general and local reactions. At point a an intravenous injection of 
tuberculin is given. A general reaction takes place. The amount of anti 
body falls but is restored shortly. Now we test the reactivity every other 
day with a cutaneous test (lowest base line), and then we inject six times 
large doses of tuberculin, say 1 mg. The cutaneous tests do not lessen 
the general content of antibody, on account of the minute amount of 
tuberculin introduced (about 0.000001 gm). The injections, however, 
lead to a continuous diminution of the antibodies, since they are spaced 
at such short intervals that the antibodies have no time to rise to their 


original level. Consequently they are exhausted more and more until 
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after the injection f, the zero point is approached. As the tuberculin 
injections can only elicit a general reaction if the tuberculin meets with 
the antibody, the general reactions are lessened every time, and at point g 
no reaction at all occurs. After the last injection the antibodies have 
again time to enter the circulation. This is clearly shown in the effect 
of the cutaneous tests. The cutaneous reactions before a are equal; after 
b, however, the test is made at a time when the antibody is present only 
in amounts a little over the threshold of cutaneous reactivity, therefore 
the reaction is small. The next time the reactions are completely nega- 
tive, and only several days after the last injection of tuberculin the 
reaction reappears with the rising of the antibody content over the 


threshold of cutaneous reactivity. In the special section on tuberculosis 
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Fig. 15.—Influence of measles on tuberculosis 


we became acquainted with two other reasons for a lessened reactivity to 
tuberculin. These are the conditions existing in measles and miliary 
tuberculosis. Figure 15 gives a scheme illustrative of both of these 
processes. It is constructed on the basis of a case observed by myself. 
The antibody is measured with daily cutaneous tuberculin tests; the 
fever curve, indicating the amount of the secondary toxic body, is copied 
from the chart. The growing of the tubercle bacilli is hypothetical but 
confirmed at the end by the post-mortem examination. The amount of 
tuberculin antibody remains unchanged for the first days of the fever 
of measles; it begins to decrease rapidly with the appearance of the 
exanthem. My hypothesis is that the tubercle germs, kept in check until 
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now by the antibodies, grow unobstructedly and spread during that 
period of anergy. After that period, owing to measles, the antibodies 
return to their former height only for three days; then, a second slow 
decrease begins, corresponding to the symptoms of the miliary tuberculo- 
sis: exhaustion of antibodies, followed by death on the twenty-fourth day 
after the eruption of measles, 
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Fig. 16.—Antitoxin formation after single injection of a primary toxic antigen. 
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Fig. 17.—Effects of repeated injections of a primary toxic antigen 


MORE COMPLICATED EXPLANATIONS 


In the special section on tuberculosis I pointed out that this explana- 
tion does not seem to cover all types of tuberculin immunity any more 
than does the explanation of the effects of vaccinia in this simple manner 


embrace every feature. The reason seems to be that besides the one anti- 
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body which we have considered until now, other antibodies are also 
involved in the process. The relation of these different antibodies to one 
another has not as yet been sufficiently studied. Thus far we can point 
to but one example, indicating the lines we shall have to follow in order 
to come to a clearer understanding of these more complicated events. 
This example is that of the effects of eel-serum which have been studied 


by Doerr and Raubitschek. 
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WA Primary toxic antigen A. 
WY Corresponding antitoxin 
ES Allergen B 
Ml] Corresponding antibody (ergin) 
VW) 
Wf Primary toxic body in second base line 


Secondary toxic body in second base line 
(composed of combination of allergen and ergin 





Fig. 18.—Action of eel-serum 


Before approaching this complication, however, we shall have t 
consider in a few words and two figures the action of a primarv toxin. 
which has at the same time the property of acting as an antigen, that 
of eliciting an antitoxic antibody. 

Figure 16 shows on the upper base line. the injection of a certain 
quantity, and, below the line, the appearance of antitoxic qualities in the 


serum of t] e animal. On the lower base line. the imn ediate toxic ac tion 


of the poison is indicated. 
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Here we see the effects of a second administration of the same toxin: 
it combines with the antitoxin, and only a minima! action on the organ- 
ism can be noticed clinically. 

Now let us return to the eel-serum (Fig. 18) This figure is an 
attempt at an explanation of the phenomena described by Doerr and 
Raubitschek. On injection of eel-serum, we must distinguish two differ- 
ent effects. One substance, A, in the eel-serum is in itself toxic. This 
substance is thermolabile and is destroyed by a temperature of 56 C. But 
there is another substance, B, which acts like horse-serum, i. e., it is not 
primarily toxic, but gives rise to an “ergin” or anaphylactic “antibody.” 
We have to suppose that this allergen coming in contact with the newly- 
formed antibody produces a secondary toxic substance, which, however, is 
not concentrated enough to produce clinical symptoms of serum disease. 
At the second injection of the unheated eel-serum, the effect is a complex 
one. The primary toxic part, A, of the eel-serum meets the antitoxin 
and therefore has almost no clinical action as it is to the greatest extent 
neutralized. The allergen, B, meets its anaphylactic antibodies and pro- 
duces a secondary poison which manifests itself in an “immediate 
reaction.” 

Probably ce rtain phenomena in diphthe ria have to be « xplained in a 
similar complicated manner. Here the toxin which plays the main part 
in diphtheria intoxication is a primary poison. The amount of this 
poison depends on the number of diphtheria bacilli grown in the organ- 
ism. At the same time the bacteria contain substances which give rise 
to ergins (Rist). We are not yet able to determine clinically which of 
the symptoms are due to the secondary toxins. 

In scarlatina, for instance, we shall have to recur to similar explana- 
tions. The primary effects of scarlatina occur within a very short time; 
they have no incubation period. So we can assume that we are dealing 
with a primary poison. On the other hand, the fact that nephritis and a 
number of other sequela appear between the third and seventh weeks, as 
Schick pointed out, speaks in favor of an allergic process as the basis of 


these sequelex. 


rirtEORY OF THE VARIOLA AND MEASLES EXANTHEMATA 


Another complicated process is the exanthem formation after a long 
incubation period. I have tried to form a hypothesis as to the exanthe- 
mata bringing them into connection with the formation of antibodies. 
Supposing from an analogy with vaccinia that the exanthem of variola 
appears on the tenth or eleventh day after infection I tried to determine 
what time the micro-organisms of variola settled in the skin. As we 
know that the first symptoms of exanthem appear two to four days after 
the rise of the temperature, we can determine when the variola germ 
enters the skin. If we infect the skin from outside with variola, the 
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napule appears two or three days after the infection. In variola living 


cerms enter the skin, certainly not from the outside. but by wavy of the 


} 


lood, by arterial distribution. This arterial distribution, therefore, must 
take place two to three days before the beginning of the first nodules; 
that is, coincidently with the first rise of temperature.. Now we know, 
from the analogy between vaccinia and variola, that the rise of tempera- 


} 


ture means the entrance of the antibodies into the general circulation 


(Figure 8). If the deposition of the variola germs in the skin occurs at 
the same time with the entrance of the antibodies, it is most probable that 
a 


there exists a causal relation between the two phenomena. The possibil- 
ity suggested itself that the antibodies concerned in the deposition of 


the germs in the skin belonged to the agglutinins. This view gained in 


strength through the old findings of Weigert and Zuelzer. I do not wish 
to enter here more deeply into a discussion of this hypothesis which I 
have treated fully in my book on vaccination. The agglutination hypo 
thesis plays a minor part in my theory. The most important point of 


iT f 


this theory is that the exanthem formation is due to an effect of anti- 
bodies. I entertain the same conception for all infectious exanthemata 
which appear after a similar incubation time, especially for measles, 
German measles and chicken-pox. 

I wish to call attention to another phenomenon: the relation of the 
leukocytes to the appearance of the fever in these diseases, although the 
study of this relationship is not sufficiently far advanced to permit. defi 
nite conclusions. In small-pox a leukocytosis exists during the incubation 
time; with the outbreak of the disease the number of leukocytes drops 
sharply to reach the lowest figures two or three days later. The same is 
true in measles and to some extent also in vaccinia. Similar observations 
have been made in serum disease. As long ago as 1903 IL drew attention 
to these facts, but as yet thorough studies have not been made in this 
connection. 

CONCLUSION 


1 


This whole study has been directed toward the establishment of new 
conceptions with regard to the clinical phenomena of certain diseases. I 
have deviated from the methods by which an explanation of these phe 
nomena has been sought. disregarding to a great extent microscopical 
studies and test-tube experiment. I have replaced these methods by 
studying the changes in reactions which occur in an organism during an 
infection, or after having passed through an infection or an intoxication 
of some kind, studying these changes in the organism itself. As a result 
it is seen that in a great many diseases it has been possible to demonstrate 
an altered reactivity of the organism, which I have called “allergy.” To 


recapitulate briefly what manner of alterations I refer to, reference may 
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| ; study prompted me to advance new theories of a general char- 
ter. The old ideas, especially with regard to the symptoms of diseass 


} 


were abandoned. It has been shown that the symptoms for instance of 
nfectious diseases are not entirely due to the action of the micro-organ- 
isms per se, Dut that in many diseazes the organism itself takes an active 
part in the producy'on of most of the svmptoms by an interaction of 
products of its own with products derived from the infecting agent. The 


products by which the organism participates in the reaction are the 
so-called antibodies. The total reaction taking place such as production 
antibody, interaction of the antibody with the micro-organisms. etc.. 
must be of a chemical nature. Up to the present time the antibodies have 
general 


en considered apart from the organism. Their action has 


been studied in the test-tube or under the microscope. The method I 


have ntre duced t prove the existence of antibodies dispenses entirely 


with the microscope and the test-tube and depends solely on the vital 
reaction [ have found that by determining the altered reactivity it is 
possible ti dge of the existence of an antibody just as well as through 
certain phenomena of hemolysis. precipitation or agglutination. which 


heretofo1 ave attracted the attention. 


In this way, for instance, the phenomena on the skin in which anti- 
bodies are concerned have been studied far more carefully than before. 


\nd what is more important, the new method has led to an extension of 


ir knowledge of other diseases in which the micro-organisms or other 
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foreign substances have no primary action on the organism, but elicit 
symptoms only after the formation of a secondary toxic body. With th 
study of serum disease and vaccinia as a basis, practical results have 
been obtained. The altered reactivity could be used for diagnosis, a 
point which attracted the attention of the medical profession. 

The fundamental idea leading to an application of the altered rea 
tivity for diagnostic purposes was gained from vaccinia. It was noticed 


that an early reaction after a vaccination, i. e., a papule formation within 


twenty-four hours after the application of a drop oi vaccinia into a 


scratch on the skin, was found only in persons who had been vacé inated 
previously. If, for instance, we should like to find out, without seeing 


the scars. how many children out of a hundred ha 


} 
; 
i 


been vaccinated 


before and how many had not, it could be done sin ply by vaccinating 
all the children. Those who show an early reaction are children who have 
had this infection before. This practical conclusion was applied to tuber 
culosis, and the cutaneous tuberculin reaction was found just as reliable 
as the cutaneous reaction in vaccinia. A man showing local inflammation 


within twenty-four hours on the spot where the tuberculin is applied 


behaves differently from a normal individual; he is able to give this 
reaction only because he has formed antibodies against tuberculosis on a 
former occasion. It has been shown furthermore that this early reaction 
on the skin rests on the same foundations as Koch’s febrile reaction with 
tuberculin, and that the antibody theory therefore could be applied to the 
latter. Similar results have been obtained in glanders, leprosy and in 
the diseases caused by hyphomycetes. Finally, the observations of altered 
reactivity and the antibody theory which resulted from these observations 
have led to a new explanation of immunity in a number of infectious dis- 
eases. In vaccinia, smallpox and other diseases the immunity is not 
based on an acquired insensibility against the virus, but it is based on 
antibody formation and on the early reaction. It has been shown that 
here two kinds of protection exist; the one is due to still existing anti- 
bodies. The micro-organism comes immediately into contact with the 
antibody and is destroyed, forming with the antibody at the same time, 
a digestion product which acts as a poison to the neighborhood. But 
owing to this immediate destruction, it is deprived of the time necessary 
for its development to an extent sufficient to give rise to general symp- 
toms. The other kind of protection is seen when a long period has 
elapsed between the first and the second infection. The antibodies are no 
longer present, but the cells of the organism retain the property to form 
the antibodies in a shorter time, i. e., in four to seven days instead of 
] 


1 


eight to twelve davs: therefore, the micro-organism, while not imme 


ately destroyed, yet does not develop to the same degree as in an organ- 


} } 


ism not previously infected so that the amount of toxin produced by the 


interaction of antibody and micro-organism is comparatively sma 
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It is to be hoped that the continuation of studies along this line w 
not only advance our theoretical knowledge with regard to the exanthe- 


mata of infectious diseases, and enable us to distinguish different periods 


in tuberculosis, ete., but that the practical method of diagnosis by the 
allergic reactions will be extended to other diseases. It is especially to 
be hoped that it will furnish us with the means of a short and practical 
diagnosis of syphilis, and aid us in the explanation of its phases and 


localizations 


118 West Franklin Street 
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BOOK REVIEW 


INNERE SEKRETION Ihre physiologischen Grundlagen und ihre Bedeutung fiir 
die Pathologie. Von Dr. Artur Bied]l, Wien. Mit einem Vorwort von Dr. R 
Paltauf, Wien. Cloth Price, $5.50. Pp. 538 Berlin Urban and Schwat 
zenberg (Rebman Co., New York, American Agents), 1910 


No other branch of medical science owes its progress to so uniformly divided 
a participation by physiologist, pathologist, and clinician, as does this ever-fasci 
nating subject of the internal secretions. We may, indeed, venture the suggestion 
that perhaps one of the most valuable achievements made in this field is that it 
has served to bring together these interests, which tend always, to their very 
great detriment, to drift apart Although each of the many subdivisions of the 
field has been the subject of monographic treatment, yet a thorough and extensive 
review of the entire ground has not previously been available, although the evident 
interrelationship of all the internal secretions indicates that only such a correlated 
review can be adequate. Professor Biedl, who has been an active investigator of 
various problems concerning internal secretions, has succeeded in the colossal 
task of meeting this need in our literature, in a manner which must receive our 
sincere commendation. In a book with 412 large pages of solid text he has taken 
up the following topics: 

First a general discussion of the history of the subject, with an analysis of 
our present understanding of the limits and the underlying principles of the pro 
duction and action of the internal secretion. This relatively brief general section 
is followed by a spezieller Teil, in which the internal secretions of the following 
organs are considered: thyroid and parathyroid glands (78 pages), thymus, the 
adrenals and the chromaffin system (161 pages), the hypophysis, pineal gland, 
sexual glands, pancreas, gastro-intestinal tract and kidneys 

Our criticism of the book as a whole may be made very brief. It is a charac 
teristically German, thorough analytical review of the literature, by a man who 
is an active and careful investigator in the problems of the subject he discusses, 
and not a mere library investigator, as the writers of books in other languages 
too frequently are 

The author has preserved splendidly the proper balance between the enthusiasm 
of the investigator and the conservative judgment with which personal experience 
endows maturity; original ideas are abundantly expressed, but personal impres 
sions are never confused with demonstrated facts, and the entire book is based 
on a broad knowledge and unprejudiced view which gives it full face value We 
are perhaps especially pleased to note that American work, which in this field has 
been far from insignificant, has received much more consideration than we are 
accustomed to find in German medical literature, and the names of Cushing, 
Abel, Howell and other American investigators are treated as respectfully as if 
they were spelled with umlauts; even so, however, much worthy American work 
fails to be mentioned in the text or to appear in the bibliography of 126 pages 
which forms a valuable part of the book In short, the degree of thoroughness, 
reliability, and good judgment expressed on the pages of this work warrant its 
being accepted as the standard publication on the subject it covers, and until 


replaced by a newer work it should be the starting-point for every search into the 
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literature of any phase of internal secretion. This is not to be interpreted as 
meaning that there are no errors of omission and commission, or that there is 
not room for difference of opinion as to the relative amount of space the different 
subjects should have received; but, all in all, such faults are not common and 
seldom are they glaring; for, always appreciating the difference between subjec 
tive and objective, the author saves himself from leading the reader astray. 

Chere being so many unsolved and debated problems concerning the internal 
secretions fresh in the thoughts of all of us, it may be justifiable to take the 
space necessary to present the author’s mature judgment concerning them, and 
other such matters as this book may offer of special interest 

In the first instance we find a novelty in that the consideration of the various 
secretions is based on a special conception of hormone action, which serves to 
bring them together on a common ground and to satisfy our knowledge of their 
mutual cooperations and antagonisms. The hormones, as Bied] shows, may be 
divided according to their function into assimilatory and disassimilatory, the 
former favoring anabolic phases of metabolism and generally causing inhibition 
of tissue activity, while the disassimilatory hormones increase catabolic change 
and, in consequence, increase functional activities. To the latter class belongs 
especially the thyroid secretion, which in most cases causes rapid tissue break- 
down when in excess; and Biedl looks on the production of this hormone as the 
chief function of the thyroid, advising us to discard entirely the old theory that 
the chief value of the thyroid is as a detoxicating organ. He considers the evi 
dence of the essential depe ndence of tetany on the parathy roids to be convincing 
and he has himself observed relief of the symptoms from the administration 
of calcium to animals with tetany from parathyroid extirpation, but without 
prolongation of life. The evidence of a relationship of some sort between the 
parathyroids and the thyroids seems to be conclusive, but Biedl is unable to 
tell just what the nature of this relationship is; it certainly is not an antagonism, 
and the use of thyroid extract in all cases of postoperative tetany is urged in 
view of the undoubted clinical results. The chemistry of the thyroid is inade 
quately considered, and it is not up to date. 

So contradictory and incomplete is the testimony on the functions of the thy- 
mus that there is found no sufficient ground on which to hazard any conclusions; 
even the evidence that the thymus is itself responsible for the so-called “mors 
thymica,” or its relation to the entire picture of “status lymphaticus,” seems to 
Bied| to be inconclusive 

rhe adrenals are looked on as consisting of two entirely distinct tissues. 
The medulla is discussed with the rest of the chromaffin organs under the title 
of the “adrenal system,” and the cortex is taken up as a chief part of the “inter- 
renal system,” since it is only in the higher vertebrates that the chromaffin tissue 
is enclosed in the lipoid-rich cells of the interrenal tissues; elsewhere in the animal 
kingdom the two structures are as distinct anatomically as functionally. Of 
the two parts of the adrenal the cortex alone is essential to life, for there is 
enough chromaffin tissue in the remainder of the “adrenal system” to com- 
pensate for loss of the adrenal medulla. However, so far as Addison’s disease is 
concerned, the evidence does not seem to be sufficient to determine which of the 
two parts of the suprarenal is responsible for which symptoms, but probably it 
is the destruction of cortex tissue which is the most important, since even when 
all the adrenal medulla is destroyed, there still remains more than half of all 
the chromaffin tissue of the body. 

Bied] believes that there have been enough successful experimental transplan- 
tations of adrenal tissue to warrant the hope of an eventual successful transplan 
tation therapy in adrenal disease. Much attention is given to the action of 


epinephrin on each of the tissues of the body; as to the problems of experimen- 
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tal epinephrin arteriosclerosis, the author believes that t pothesis that t} 
vascular lesions are due to high blood-pressure is untenal i Vie I the fact 
that the dextrorotary epinephrin, whic has no pressor action, « ses typical 
irteriosclerosis Th results of recent studies the presence ot ¢ ephrin i 
the blood are sum l up with the statement t t « nht n ite a the « 
disease in which there is constantly, n increased an nt of epinephrin in the 
blood Tr) special properties of t iarena ortex and especi vy its relation 
to the renerative organs, are particularly well covered No less than fifteen 
pages are devoted to the chemistry of tl 1drenal cortex, with its interesting 
ollection of lipoidal substances; and the importance of t cholin hic also 
is found there, once a topic of active investigation, is entirely discredited N 
conclusions are reached as to what may be the purpose of this abundant pro 
duction of lipoids, although recent hypotheses of their relation to immunological! 
processes receive due attention It seems probable that the terrenal syst 
which inclu es the adrenal cortex ana the so) al e acces \ ind iberrant 
idrenal tissue, produces in common with the thymus, hvypophvsis. thvroid and 
sex glands, hormones with assimilatory influence, whi are of sig nee in 


the somatic and psychic development of the individual 


The available information concerning the carotid gland requiré but two 
pages for its exposition, and the contention of Kohn that this organ is merely a 
part of the adrenal system seems to be established On the other hand, the 
eoecygeal gland, commonly placed in the same grouy ild seem to be merely an 


inactive mass of rudimentary caudal blood-vessels 


Experimental work of the author on the hypophysis supports Cushing’s 
! : I g 


vork, which shows that removal of the anterior lobe alone is fatal, excision of the 


posterior lobe causes no evident effect, while merely cutting across the infun 


libular stalk is as certainly fatal as removal of the entire gland This is in 
triking contrast to the marked physiological] tivity of extracts of the posterior 
lobe and the relative inactivity of anterior lobe extracts As to the controversy 


concerning the importance of the hypophysis in relation to acromegaly, the favor 


able results of operative removal of hypophyseal tissue seem to settle the ques 





tion affirmatively; on the other hand it seems to be entirely undete rmined 
changes in the hypophysis in this disease are primary or secondary 
r unknown condition Biedl suggests that in acromegaly the hypo 
physeal changes are primary, while in giantism the hypophysis becomes enlarged 


ily because of a primary defect of some sort in the sex glands, and he 


secondar 


recommends experiment il therapeutic use of generative tissue preparation in the 
treatment of acromegaly and gigantism 


Little positive enlightenment has been found in tl} literature on the pineal 


gland The evidence afforded by clinical cases seems to be reliable enough to 
show that in early life this organ has an influence, probably inhibitory, on the sex 
glands Bied] states that he has succeeded in removing the pineal gland from 
‘xperimental animals, and that in adults, at least, no effects were observe 


The internal secretions of the sex glands receive an unusually extended con 
sideration of 50 pages Starling and Lane-Claypon found that extracts « f t 
fetus, and not extracts of the placenta or generative tissues, cause mammary 

land hypertrophy, and Biedl has been able to confirm this observation He 


further builds up a theory of lactation based on the existence f an 


issimilatory and disassimilatory hormones. The theory of Bouin and Ancel that 


the interstitial organ (or Leydig’s interstitial cells s responsible for the secre 
on of a hormone by the testicle seems to be established, although it is probable 
that the gland cells also have an internal secretion, the former being more ass 
iated with sexual development and the latter with fat metabolisn lo Biedl 
the most plausible hypothesis of ovarian function is that the interstitial cells, 
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which in this organ undoubtedly form a specialized tissue, influence the periodic 
processes of the female generative organs, while the other tissues (corpus 
luteum and germinative epithelium) secrete hormones with opposite and inhibi 
tory influence. Leo Loeb’s important studies on the sexual cycle in the female 
are not considered 

As to the relation of the pancreas to diabetes, Otto Cohnheim’s theory of a 
hormone stimulating glycolysis in the muscles seems to be looked on as unproved, 
and indeed Biedl goes so far as to reject the idea that diabetes depends on 
defective glycolysis. Rather, he believes, excessive glycogenolysis is responsible 
in pancreatic diabetes, the pancreatic hormone, which he has demonstrated to 
pass through the thoracic duct, may owe its effect to an inhibition of the ner 
vous apparatus which regulates glycogenesis He takes no decided stand on the 
question of whether the islands of Langerhans alone, or the acinar epithelium 


alone, or both, are concerned in the production of this hormone. 
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BLOOD-PRESSURE IN) TUBERCULOSIS 


HAVEN EMERSON, M.D 


NEW YORK 
The pre sence ol the tubs rr le hac illus. l low al injury ot tissu 
diminished bodily resistance are accepted as a necessary trio of conditions 


which determine tuberculous infection. Clinicians for many centuries 


have recognized the third factor as important, while the first two have 


been accepted only in the present age of exact pathology. It is the hope 


of the modern student so to analvze the « 


ive complex ol hodily or 
general resistance as to put preventive medicine, as applied to the indi 


vidual, on a sound basis. 


One method of attacking this problem is to determine the functional 
changes which accompany or facilitate infection. In tuberculosis, th 
functions of the special tissue affected, of nutrition and of the circulation 


suffer chiefly. Of these three the local repair and correction of the error 


in nutrition are so dependent on efficient circulation that study of the 
functional errors of the cardiovascular svstem sl 


hould 


help us in the 
treatment of the disease, and may throw light on 


bo 


the conditions which 
predispose to, or accompany, inie tion. 


The picturesque descriptions by the ancients of the classes predis 
posed to tuberculosis can be condensed into the three phrases, “delica 
of constitution, incomplete growth, and imperfect development.” The 
people who live in an environment which we recognize as predisposing to 


tuberculous infection, and yet do not succumb to it. can be sé parated by 
no means yet devised from the early subjects of tuberculosis, as far as 
the efficiency of their circulation is concerned Functional tests of t] 


irculation are not vet delicate enough to establish a diagnosis. Potain 


and his followers assert that when we record a persistent abnormally low 


pressure for which we can find no other cause, we must consider the case 
as probably one of incipient tuberculosis, and that such a condition of 
the circulation may precede local signs or temperature elevation. This 


opinion has not been accepted generally, or verified fullv. and vet. fo 
I I 


*Read before the Section on Pharmacology and rherapeuties of the American 
Medical Association, at the Sixty-First Annual Session, held at St. Lou 
June, 1910. 
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generations, one of the earliest signs characteristic of tuberculous infec- 
tion has been the alteration in the rate and quality of the arterial pulse. 
The most reliable proof we have of functional disturbance of the circu- 
lation is ar alteration in the relation between pulse-rate and blood-pres- 
sure, a manifestation of the so-called Marey’s law. General arterial 
blood-pressure cannot fall without a corresponding increase in the heart- 
rate, if the neuromuscular mechanism of the heart is unimpaired, and a 
rise in blood-pressure is normally met by a compensatory slowing of the 
heart rate. General blood-pressure cannot fall below a certain normal 
limit for more than brief periods without impairing the nervous, glandu- 
lar and muscular efficiency of the body. 

The positive opinions of the German writers that physical or other 
definite signs of tuberculous infection always precede any characteristic 
alteration of the blood-pressure, and the enthusiastic convictions of the 
French writers that they often make a correct diagnosis on finding a 
characteristic hypotension before physical signs of the disease are 
observable, led me to make clinical tests to see if any help could be had 
from the sphygmomanometer in the early diagnosis of pulmonary tuber- 
culosis. 

This series cf observations and the ample discussion in the literature 
of the cause of the commonly observed hypotension led to experimental 
studies on mammalian tissues with various tubercle products. 

In the Seton Hospital at Spuyten Duyvil, N. Y., for advanced pul- 
monary tuberculosis, and at the Bellevue Hospital Tuberculosis Dispen- 
sary in New York, I have made observations of the pulse-rate and blood- 
pressure in 200 cases of pulmonary tuberculosis, chiefly in the later 
stages of the disease. In the laboratories of the College of Physicians 
and Surgeons of Columbia University, I have tested the effects of the 
tubercle products on various animals and by perfusion tests on isolated 
tissues. 

The tests on patients were all made in the following manner: the 
patient Jay in the horizontal position on an examining table, and the 
pulse was counted for consecutive periods until the rate ceased to vary. 
The systolic blood-pressure (with the Janeway instrument), and the 
pulse-rate were then taken. The patient then stood erect, and after 
waiting for the pulse to assume a constant rate, the blood-pressure and 
pulse were again taken. All the observations were made between 3 and 5 
in the afternoon, the midday meal having been eaten between 12 and 1. 
The hospital patients were either bed patients or those who had been 
resting for one or two hours immediately preceding the test. The dis- 
pensary patients had been seated in the waiting-room for an hour, and 
often longer, preceding the test. I was familiar with all the patients 
tested and they were accustomed to the use of the instrument and did not 
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exhibit any emotional phenomena which might cause errors in the obser 
vations. 

No attempt to record diastolic pressure was made, as I am convince 
of my own unreliability in reading a fluct ating mercury column, and 
facilities were not available for using any graphically recording insti 
ment. The pressures here reported are al! systolic pressures, the mean 
of several consecutive observations. 

The normal individual in a rested condition will usually have a 
slightly higher blood-pressure in the vertical than in the horizontal pos 
tion, to meet the need of competent blood-supply to the )rain under more 
difficult hydrostati conditions. Under idea] conditions this is accom- 
plished by a general, and especially splanchnic vasoconstriction, and 
there may be at the same time a slowing of the heart-rate. It is not 
abnormal, however, to have a slight increase in the heart-rate on taking 
the erect position in healthy individuals. According to Crampton, and 
from the report of Barach recently published, young men trained for 
athletic contests are apt to show some increase in heart-rate on assuming 
the erect position, in a smal] per cent. of cases, but what is very signif- 
icant is that after such exertion as a “Marathon race” a great increase is 
found in the percentage who show quickened heart-rate in the standing 
position. Fatigue brings out the lack of sufficient vascular support, and 
the heart compensates. 

If then we find either a stationary or a falling blood-pressure or a 
marked increase in the heart-rate on a change from the horizontal to the 
erect position, we may properly assume that there is a lack of proper 
tore, or vasoconstrictor control. Such a condition is not uncommon in 
undernourished, fatigued people of sedentary habits, and in those who 
have been for some weeks bedridden or have recently recovered from an 
infectious disease. It is rare to find a person in good health who will 

ayes a 


all n blood 


exhibit any but a slight increase in the heart-rate. or a 
pressure, or a rise in blood-pressure with a marked increase in the fre- 
quency of the pulse in this test. H. Chon, in 1904, in a detailed stud 
of the pulse in tuberculous patients, makes especial note that while in 
health a change from the horizontal to a sitting or standing position is 


accompanied by a slight, if any, increas« 


t] 


I 


ie pulse-rate, in the tuber 
culous subject this minimum exertion is accompanied by so exaggerated 
an increase that it can be used as an early diagnostic sign. He includes 
an essential toxic hypotension among the causes of the tachycardia in 
tuberculosis 

The result of my observations is as follows: 

Of the 200 patients, 119 were male and 81 female. 

20 were under 20 years of age, 


166 were between 20 and 50 vears 


14 were over 50 
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No relation was found between the sex or age of the patients and the 


tachycardia, hypotension or the abnormal response to change of position 


24 were in the first stage (National Association classification) 

65 in the second stage, 

108 in the third stage. 

3 were found to be non-tuberculous 

Of the 24 in the first stage 

11 showed entirely normal circulation, neither tachycardia nor abnor 
mally low pressure, nor a fall in pressure on assuming the vertical 
position, with or without marked increase in the pulse rate. 

13 showed marked abnormalities in the circulation as indicated just 
above 


In other words, physical examination seems to be more reliable for 
early diagnosis than are the circulatory tests. 
Of the 65 in the second stage 
28 showed normal circulation, 
37 showed abnormal 
Of the 108 in the third stage 
28 normal, 
80 abnormal. 
Of the three non-tuberculous, all were normal 


Thus of the 200, we find 130 in whom there were easily recognized 
errors of circulation, characterized by low blood-pressure, with or with 
out rapid pulse, and a fall in pressure on assuming the erect posture. 

There were in addition twenty-seven more in whom I found a 
marked increase in the pulse-rate (an average of fifteen beats in the 
minute) on assuming the erect position, but in whom there was a normal 
blood-pressure or a marked hypertension, due in the majority of cases to 
an accompanying nephritis or arteriosclerosis. 

This increased rapidity of pulse should, I think, be considered an 
abnormal! functional reflex, an evidence of increased vasomotor irrita- 
bility or weakness. 

If we study the 157 who showed what I shall for purposes of discus- 


sion describe as abnormal circulation, we find on dividing our 200 


patients into groups on the basis of clinical progress that 


Of the 98 who were progressing unfavorably, that is to say, were failing 
steadily, 
90 had an abnormal circulation, 
8 had a normal circulation. 
Of the 75 who were improving 
55 had abnormal circulation 
20 had normal circulation 
Of the 20 who were stationary in condition, i. ¢.. whose cases for the time being 
were arrested, 
10 had abnormal circulation, 
10 had normal circulation. 
Of the four subjects of incipient tuberculosis 
2 had abnormal circulation, 
2 had normal circulation 
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Of the 3 non-tuberculous subjects 


all had normal circulation. 


TABLE 1 CIRCULATION OF PATIENTS DIVIDED INTO GROUPS ON THE BASIS OF 


CLINICAL PROGRESS 


Cir Liation 
Abnormal Norn 

Patients No No 

98 Progressing unfavorably, a0 8 S.8 
75 Progressing favorably 55 2) $6.3 
20 Stationary or arrested lO 1 50 

+ Incipient 2 ? 50 

3 Non-tuberculous 0 3 100 
200 157 3 


From which figures it would appear that the disorders of the cu 
lation are in a general proportion to the clinical severity of the disease 

If we divide our cases on the basis of their nutrition, we find of thi 
eighty-seven who were losing weight, eighty-four had abnormal circula- 


J ? 
tion and three normal. 


TABLE 2.—CrircuLaTion OF PATIENTS DIVIDED INTO GROUPS ON THE BASIS OF 


NUTRITION 


( irculation 

\bnorma Normal 
Patients Ne No c 
87 losing weight 84 3 a5 
60 stationary in weight 4] Is 10.0 
50 gaining weight S 19 38.0 

3 non-tuberculous 

200 57 0 


] 


» see a roug! parallel! | 


between abnormal circulation and po 


Again w 


nutrition. 


rABLE 3.—CIRCULATION OF PATIENTS DIVIDED INTO GROUPS ON THE BASIS OF 


[TEMPERATURE 


{ ire ition 
Abnorm: Norma 
Patients No No Y/ 
63 running T. over 100° I 6] 2 3 
62 running T. between normal and 100° | 53 st) 14.5 
70 running normal 1 $] a4 41.4 
2 running subnormal ‘| 2? 0 10.0 


3 non-tuberculous 


200 


(\s was to be expected, we find (‘Table 3) that fever, one indicator of 


toxic condition, is highest in cases in which we find lowest percentage o 


nermal circulation, another toxic result 
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rABLE 4.—CIRCULATION OF PATIENTS DIVIDED INTO GROUPS ON THE BASIS OF 
OCCURRENCE OF HEMORRHAGES 


- Circulation 


Abnormal —Norma! 
Patients No No QQ 
57 having had hemorrhages 47 10 17.6 
140 having had no hemorrhage- 110 30 21.4 


3 non-tuberculous 


\ large proportion of the cases recorded as having hemorrhages 
(Table 4) were Class III cases with frequent hemorrhages. 


TABLE 5.—CIRCULATION OF PATIENTS DIVIDED INTO GROUPS ON THE BASIS OF 
MEDICATION 
. Cireulation 
Abnormal Normal 


Patients No. No a 

162 receiving none 130 32 20.3 
28 receiving dilator or depressor drugs 25 3 14.2 
7 receiving constrictor or presso1 2 5 71.3 


What little we can conclude from this classification according to medi- 
cation is that we must distrust the apparent benefit from any drugs 
which have any tendency to diminish vascular tone, or to allow of dila- 
tation, as for example, alcohol, potassium iodid and coal-tar depressants. 

Although the number of cases is too small to permit a sound conclu- 
sion to be drawn, I think that it is probably safe to say that much benefit 
can be expected from the use of such drugs as caffein, digitalis and spar- 
tein over long periods for the sake of establishing or maintaining a 
general blood-pressure which will more nearly approach the normal than 
can be established by general hygienic measures as usually adopted, 
although cold air and abundant nutrition are of marked value. 

The inability of tuberculous patients, whether they show hypotension, 
normal pressure or hypertension, to respond by a rise of pressure to a 
change from horizontal to vertical condition is, I believe, good evidence 
of an abnormal circulatory condition which I think can be shown by the 
accompanying summary (Table 6) which expresses a general picture, 
although the figures are rather misleading. 


TABLE 6.—BLoop-PRESSURE OF TUBERCULOUS PATIENTS IN THE VERTICAL AND 
HORIZONTAL POSITIONS 


In the horizontal position In the vertical position 
No. Patient Pressure mm. No. Patients Pressure mm. 
an under 120 91 under 120 
63 between 120-140 6 between 120-140 
38 . over 140 3s over 140 


Of the forty-nine in whom the blood-pressure was over 140 mm. in 


the horizontal or vertical position or in both 


47? were gaining or in an arrested state 81.6% 
% were losing in weight and condition 
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Of the sixty-six in whom the blood pressure was 110 mm. in the hori 


zontal! or vertical position or bo h 


I 


16 were gaining or in arrested state 4 
50 were losing in weight and condition 
This summary of the extremes of the list of blood-pressures indicates 


the relation between general condition and blood-pressure in tuberculosis 
in a rather striking way. In general, the patients with high pressure, 
even though the cause of the increased pressure was an arterioscler¢ 


+ 


primary or secondary to a chronic nephritis, did better than patients 
with subnormal blood-pressure 

Of the 200, 104 (52 per cent. ) showed a stationary or 
sure, eighty-six (43 per cent.) showed a rise of pressure in changing 
from horizontal to erect position 

One hundred and fifty-five (77 per cent.) showed a rise of pulse-rat 
on assuming erect position, with an average increase of fiftes 
the minute. 

Twenty-seven showed a stationary pulse-rate on taking erect position, 
and of these twenty-three had a pressure under 120. Of these twenty- 
seven, sixteen showed with the stationary pulse a constant or a rising 
pressure ; in other words, they showed a normal reaction to ange oO 
posture. The remaining eleven showed a fall in pressure in two instances 
of 10 mm.; in one 18 mm., and another 20 mm., th the stationary 


Le 


pulse-rate evidently not a favorable picture 


There were eleven who showed a fall in pulse-rate, on assuming the 
erect position, of an average of eleven beats to the minute Of these, 
six showed a drop in pressure as well as a drop in the pulse-rate, and 


apparently obesity in three and arteriosclerosis in three explain this 


paradoxical result. The marked difficultv in brea 


position due to undue pressure of a heavy abdominal weight against 
l onta posit n 


the diaphragm causes a high arterial pressure in the 
ind a more nearly normal pressure 
position in the obese. The inelasticitv of the arteries in the arterio 


sclerotic accounts for a fall in pressure on standing 


The other five showed rises of pressure with Lhe fa ng p se-rats 
and as theirs were all favorable, improving or early cases, we must 
sider this as in the nature of a pl rrence altl 
unusual. 

Of the 200, 157 showed either a fall in pre re or a stationary rp. 
sure, ora nm arked increase (over fifteen beats to the minute) in pulse 
rate. or both, on changing from recumbent to erect position 

There were ninety in whom there was a fall or tiona pressure 


rect posi 


with a rise in pulse-rate on assuming « 
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If we accept this test as an indication of functional weakness of the 
vascular system or heart muscle or both, we find that among tuberculous 
patients there is a very high percentage who show a marked functional 
disturbance of the circulation. The constant acceleration of the pulse- 
rate has been an accepted proof of this for many years. It is less well 
understood that this acceleration may be in response to a lack of vascular 
tone, and not to any inherent changes in the heart-muscle or its nervous 
mechanism, and that the accompanying fall in blood-pressure may occur 
with an increased heart-rate, and that this can be brought out by a 
simple change of position in the way described above 

It is well to remember that excessive rapidity of heart action will 
of itself suffice to cause a fall in arterial blood-pressure, for as has been 
epeatedly shown by physiologists, Yandell Henderson and others, thi 
output of the heart diminishes with an increase of the heart-rate beyond 
a certain acceleration, the increase in the rate being at the expense of the 
diastolic filling of the heart, and hence a diminished volume outflow at 
each systole, 

\lthough I cannot claim that the results here reported are sufficient!) 
definite or that they can be relied on to indicate positively a diagnosis, 
! think that they do demonstrate value in associating our observations 
of pulse and blood-pressure in the way described for the sake of gauging 
less indefinitely a functional disorder which must have our consideration 


n the treatment of the disease. 


II. EXPERIMENTAL REPORT 


There may be said to be three main possibilities to consider as causes 
of the phenomena of hypertension and rapid heart-rate which we have 
observed. One is the theory that the heart-muscle is directly and chiefly 
responsible by its altered myocardium, atrophy, atony, or degeneration 
due to the toxins of the bacillus and to the malnutrition incident to the 
divease. Another reasonable theory is that the blood-vessels are chiefly 
responsible by a vasodilatation caused by the tubercle toxins, for the 
hypotension, and that the tachveardia is a compensatory effort on the 
part of the heart. 

The third possibility is that the nervous control of both blood-vessels 
and heart is interfered with by the toxic action of the bacterial product 
on the vasomotor and cardiac centers and that neither the heart-muscle 
nor the vessel-walls are directly affected, but that both vasodilatation and 
tachycardia are of nervous origin. 

Until the recent studies by orthodiagraphic methods have been veri- 
fied and the evidence presented by Bouchard duplicated, we cannot 
accept his statements as final, but it seems very likely that they are cor- 


rect, namely, that hypertrophy of the heart occurs in the early stages of 
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succeeds In maintaining a fair 


when the rapid 


o normal pressure, 


and that later there is a marked atrophy and degen- 


This would account for the dis« repan ies in the 


isions of the pathologists as to whether the heart of the tuberculous 


vidual is large for the body 


weight or small. It depends, according 


» autopsy is performed in the stage of physio- 


generation. That there is no 


compensation or in the period of 


increase in size of the heart even when circulatory compensation 


is established is seen from Brown’s figures from the Adirondack Cottage 


found only eight of 1,289 patients who showed 


there were six with chron 


Where cardia hypertrophy with « 


r without perfect compensation has 


mitral stenosis, we find eithe 


nfection has occurred 


high percentage of recovery 


Even exact methods of physical examination supplemented by thor 


will never settle the origin o 


the circulatory disturbances 


however much agreement there may be as to end-results. 


must resort to experimental work in the lower animals for an 


he cause of hypotension and tachycardia in tuberculosis 


y exclusion we can go far to indicate the site of the injury by a ba 


peripheral circulation, but 


for diphtheria toxin, pneumococcus 


Finding a dearth of experimental evidence 


kind in relation to the effect of tubercle products, I offer the fol 
a step toward an explanation: 


materials used 
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which time both frogs die 
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marked dilatation of the cay 
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An etherized dog was then used, and continuous graphie records of 
I 


respiration by pleural cannula, and blood-pressure by mercury manon 


eter and membrane manometer were made, while various doses of ether 


ind a solution of bacillary fat or wax of the tuberele bacillus were giver 


the jugular and femoral veins. 
Although the ether solution of the bacillary fat appeared to depress 


l-pressure and relax the arterial tone for a much longer period 


LI 
the biloor 


than did an equal dose of ether alone, still the effect of the fat was not 
sufficiently striking to be free from doubt. 
\n etherized cat was then used and records made as in the previous 


experiment. Bacillen-Emulsion was then injected intravenously in doses 


from 0.005 mg. to 5 me. of solid substance. Following this, old tuber 


culin was used in doses from 1 mg f solid substance. Last] 


to 0.5 mg. 
solutions of mannite culture of tubercle bacillus in normal salt solution 
was used from 0.01 gm. to 0.1 gm. at a dose. Even tie largest dose. 
j mg of Bai lle n-Emulsion, vave ho change in blood-pressure or im 
heart-rate. 

The old tuberculin vave a marked fall in genera! blood pressure, 
with an increase in the pulse-pressure, as recorded by the Hiirthle mem- 
brane manometer, and a very brief acceleration amounting to five heart- 
wats to the minute when 1 gm. was given (Fig. 1). Milder effects were 
obtained with the smaller doses (Figs. 2 and 3). An error which must 
be considered is that in the evaporating to one-tenth of the original bulk 
of the culture, there is a concentration of the veal extractives, peptone, 
ind sodium hydrate in the old tuberculin, which may be responsible for 
some of the depressing action on the circulation. However, as the dose 
of 1 gm. of old tuberculin contains but a very small amount of the 
extractives, and as their first effect is usually to constrict the blood-ves 
sels and stimulate heart action, and only later develop a depressant 
action, and as our effect from old tuberculin was always a marked vaso- 
dilatation with no previous cardiac or vasoconstrictor stimulation, it is 
fair to assume that the cause of the fall in blood-pressure is some sub- 
stance contained in the bacterial products, 

Smal! doses of the mannite culture gave no result. and large doses 
gave the characteristic inhibition of respiration and heart action and 
prolonged depression of blood-pressure, which usually foilow the admin- 


istration of sodium carbonate and sugar solutions. The effects observed 


could not be ascribed to the tubercle products in the culture, but rather 
to the materials of which the culture medium was compounded. 

‘Two etherized cats were used and the observations with Pacil/en- 
Emulsion, Old Tuberculin and mannite culture were repeated, and then 
a series of tests was made with an alcoholic extract of the dried tubercle 


powder, and with a waterv suspension of tuberculinic acid. The only 
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hee 


eh i nt ll, 


new error t ( este I explaine ! = 4 " ! . ~ 
f 11col ! the x or thy ‘ t v1 ‘ wale \. ' 
0 n ea nts ~T n testing the ss ‘ t ~ ‘ 
n OO per cent. and {5 py ent. strengths into the veins, and re ls 
were taken (Fig. 4) (one « ( 95 per cent. alcohol caused a drop in 
carotid pressure from 120 m1 106 mm. He. and a depressed heart 
action with a complete eCOVE n filt e seconds from t time « 
the ipjection 
One ¢.c. of the alco Xtract ¢ tubercle powder in %) per cent 
alcohol caused a drop in carotid pressure from 148 mi to 106 min 
with extreme arterial relaxation and a return to norma} on] liter trve 
minutes (Fig. 5) 
Five-tenths of a cubie centimeter of the alcoholic extract caused a 
drop from 135 mm. to 106 mm. in carotid pressure, and 4 return to p 
and arterial tone only after one and a half minutes (Fig 





vious pressure 





on ether! 


d intravenously 


Fig. 4 Effect of 1 e.c. 95 per cent aleohol administers 


ized cat Note the depressed heart action accompanying the fall in carotid pressure 
The records are as deseribed in Figure 1 
i) Kkven 0.1 «.c. of the alcoholic extract s wed i ! iotid ros 
sure from 140 mm. to 154 mm. in thirty seconds 
No effect was observed as a result of the use of tubereulinie acid 
0.0045 om. in suspension in 1 cc. of water 
\ last experiment was made with an etherized dog No result was 
tained trom a solution of tuberculinic acu O“=.O040 in 1 decinorma 
SOK VATON] 
T e same ma ( asod ito effect Vas )- ( se ¢ 
i mot Ktract the ay powder: i- is See! ( . Y 
nent wit thie Ihe sual ext Ss Ss note t , 
nannite « tire 
e us ; mg. of J Emulsion ein g 
a rked 1 on 110 mn 1 st mil \ ( es ~ } l 
though sn ‘ ses ga no result (Fig 7 
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mg.) Was part emulsified and partly dissolved 
t 33 olive oil, and injected intravenously, but no effect 


was observed 


he effect of tubercle products on the circulatory 
ipparatus some pertusion experiments were n ace on the isolated dog’s 
art and on th blood vessels of the dog’s leg A dog was ethe rized 
' 


nd the heart and great vessels were rapidly removed and placed in a 
aorta wa 


tinger’s solution, thorough! | 


4 to 40 ( and 


s connected with a supply of 
ighly oxygenated, and warmed to a temperature 
supplied at a pressure whl h varied from 60 to 8&6 
various products were injected into the 
on fluid through the 


—a 
artinecial circu 


rupper tube connected W th the aorta, The apex 


Minhil 


| 
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ec.c, of extract of tuber 


e left ventricle was atta 


, t i lever arranged to write on a 
ed drun 
When the leg was used the same perfusion fluid under a pressur 
to 100 mm. Hg was supplied through a cannula tied to the femora 
Che outflow from the veins of the leg was measured by the ” 
rec rding t }) cKet 
re media, wW out ct evaporated to one-t ts vi me 
the same strength ¢ veal extractives, peptones, and sodiun 
te as is found in the o tubereu was used as a control, and its 
was to stimulate the rapidity of the heart action and cause at 
se of the extent of diast relaxation and syst mtract 
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requent With sma loses, Cardiac acceleration Was tl nad, al i <5 
tone similar to that produced by the concentrated bouillon alone 

There was no constant variation in the effects of these two substances 
by which any conclusion as to a specific action of the tubercle products 
could be determined. 

\ new preparation called Hisen-Tuberculin was tested without an 


result on the heart action. 


Bowtllon filtré was us and in each instance an acceleration and 
increased svstolic excursion was observed, similar to. but milder than 
the results from equal bulk of old tuberculin and old tuberculin culture 
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ed intravenously. on etherized eat Records as deseribed for Figure | 
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n the medium, and was not due to tubercle products 
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rictor effect, the first increase being due 


i iracteristhl Vasocons 


emptving of the larger vessels and the delay to an obstruction to the flow 


‘) d tubere ul n gave the same res ilts n exact proportion to the ] 


ae 


The Eisen-Tuberculin caused a slight delay in the flow. 


The mannite culture in water caused marked decrease in the flow 

Bouillon filtrée had no effect. 

\queous extract of the dry tubercle powder had no effect 

It would appear from these tests that there is no specific action of 
the tubercle products on the musculature of the blood-vessels. 

Briefly then, from the foregoing observations on patients suffering 
from pulmonary tuberculosis, and from manometric tests of the effect 
of tubercle products on the circulation of mammals, in ail of which cases 
we find evidence of a tendency to loss of vasomotor tone and a depression 


of general blood-pressure, and from the perfusion tests on the heart and 
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Fig 6 Effect of 0.5 ¢.c. of extract of tubercle powder in 95 per cent. a 


peripheral circulation of dogs in none of which do we find evidence of 
rect ol] rT al action on t he heart or hlood-vesse 


s, We may properly con 
sider that when the products of the tubercle bacillus are distribute: 
hrough the circulation to various parts of the body. their effect on the 


ilation is probably due to some action on the central nervous svsten 


ind not to any direct effect on the heart or vessels. 

With the difficulty of proving a variation from normal limits in the 
pressure, and with the increasing exactness of specific tests for 

uberculosis to help our diagnosis as based on the history and examina 


on of patients. it is not likely that the functional test above described 


; 


\ <place anv of the well-recognized proofs of eat tuberculosis. but 
t mav confirm them 
\s a measure and indication of the need of rest n the course ol 
reatment, and as ev dence when exercise has exceeded safe lim ts, if 
s to me a useful test 
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Whether specific treatment of tuberculosis infect 


versally successful.or not, certainly the understand) 


the severe and persistent circulatory disturbance 


panies the disease will play a large part in abbreviating 


treatment and our knowledge will encourage us to i 
when rest is indicated, and to control and graduat 
allowed during convalescence in proportion to the 

vessels to maintain an adequate blood-pressure wit! 


onged rapidity of the heart-rate. 


Ill. HISTORICAL DISCUSSION 


{ 


Personal experience, even when it is of much wi 
| have offs red, must be subject to correction bv the o 


before it can be accepted as final. Therefore, a rev 


will be given, to summarize previous studies. 
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red intravenously on etherized cat Reeords as described for Figure | 

The study of the literature can be summarized almost compl 
v a consideration of two classes of questions: First: Does the studs 
the pulse and blood-pressure give us diagnostic material of conclu 
value earlier than do stethoscopic signs of pulmonar tubere 
Second: What is the cause of the hnvpotension so trequent found 
tuberculosis and can this hvpotension be remedied by treatment 
as a prognostic indication ? 

As to the diagnostic usefulness of tachveardia and potension 
find that the French writers in general consider that pe ste! wD 
s1on, une yplained DV other causes, 1s a fact of definite agnosti a 
and thev assert that it precedes stethoscopie signs mona t 
culosis (Potain, Regnault, Faisans, Papillon, Homolle, Renaud, Teiss 
}- irmeaux. Fagart. Ledoux. Bosc and Vec . Lan vy and St indg i! 
There is sO much agreement among these authors that it < unnecess 
to quote largely ron their writings | rom ¢ ! al ervat I \ 
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S nds of blood-pressure machines and under a variety of condi- 


ns as to time and position of the tests, these writers agree that low 
pressure is a constant, early, diagnostic sign in pulmonary tuber- 
losis, whether the case is febrile or not, and whether stethoscopic evi 


nee is present or not. As a differential point between the chloro- 


anemia of adolescence and incipient tuberculosis, they consider persistent 


notension as a reliable sign of the latter. As a means of detecting 


latent tuberculosis, they rely on it. They find that the fall in pressure 


Is 


> 
i‘ 


in proportion to the susceptibility of the individual and the severity 
the infection. Thev find that the pressure falls with the advance of 
e disease, with the development of new foci of disease, increase in 
ver, and with the degree of accompanying cachexia. For example, 


enault says: “Low blood-pressure is a phenomenon, constant in tuber 


ilosis, increasing with rise of temperature or advance of cachexia but 


esent in early or afebrile cases, and present from the beginning and 


DI 
throughout the disease in spite of treatment. It is of early diagnosti 
value and those who recover are those in whom the pressure is nearest 
to normal 

Renaud says: “Recognition of the svmptom of hypotension is of 
incontestable value in doubtful cases of pulmonary tuberculosis. even 
wefore stethoscopic signs, in pleurisy with effusion, in making a differ- 
ential diagnosis and in atrophie cirrhosis of the liver with ascites, to 
letermine the origin of the fluid.” 

Teissier finds “hypotension a constant and precocious sign before 

il or general symptoms and noted in those with an hereditary predis 
position and in those with latent tuberculous Iwmph-nodes”’: “a most 


rn 


portant and valuable sign. indicating a tuberculizable field or an 


nfection: not a pathognomon e sion.” “Carefully made pressure 
servations, well controlled, taken with general and physical signs, give 
able diagnostic and prognostic results in tuberculosis 


Strandgaard, the one writer not in any wav associated with the 
ench school, agrees in the main with their conclusions. He finds 


potension a valuable aid in diagnosis suggesting tuberculosis in gen 


} 


ral or an active process in particular.” “The pressure is low in propor 


tion to the stage of the disease.” 

The precautions used in arriving at these conclusions are in most 
ases so carefully reported and the details are so fully covered that one 
must credit these statements with being based on close observation. The 

ef defect in these, as indeed in most so-called clinica! reports, is the 
scantiness of the material studied Regnault reports thirtv-five cases, 
Revnaud nineteen, Ledoux thirteen, Lamy nine, Fagart eight. and 
although the value of their statements lies in the prol need ye riods of 


yntl s and even vears over which the have watched their cases, still 











EMERSON 


HAVEN 





nr 


sul] ys uy 


paqiiosep SB spl000y Solty 8 jyFiem) Sop poz 


meeereryTVeTEN TTTIYVITITITITITNT TT TTT PMT TT 


10 UsSslosye sys ™ 


oq 





palo 1 dull) A} ast Siu}, UL BUY pUaING | ainsigq 40) 


ayjo uB uodn {/SNOUGA BAU UOIs| NU -Ua| [lobe jo ‘Tu € jo poy + “Dig 


MITTIN TNT NNT 


my 


| 
MITTIN INIT 
INN er rrr reer SAAALAAAATT AMALIA AAALAAROAAALALLAAALMIILALLLIAL LUE 














10 THE 1ROHIVES OF INTERNAT WEDICINE 


isions are rather more positive and general than the number of 


ases warrants. In the reports of Potain, Teissier, and Papillon, evi 


dently large hospital experience and an abundance of ciinical materia! 
was drawn on for the studies and yet they fail to tell the exact number 
of patients whom they examined. On the other hand, Strandgaard’s 
work at the Boserup Sanatorium in Denmark is of the greatest value, 
since he studied 622 patients under continuous observation over long 
periods. ‘The conditiens for study were ideal, and his conclusions, 
although more guarded than those of the French writers, show definitely 
his feeling that “hypotension is a valuable aid in diagnosis.” 

Reitter in a verv careful prolonged study of ten cases of renal tuber 
culosis found that all but two ran a pressure always 100 mm. or lower. 
One of the others ranged from 110 to 105. The other had a pressure of 
160 and was the subject of chronic valvular disease and marked cardiac 
hypertrophy. 

In six cases of pyuria suspected of being tuberculous in origin, he 


if them the cause was 


found pressures of 110 mm. or over, and in all 
proved to be non-tuberculous. 

His conclusion is excellent: “Hypotension shares the fate of so many 
other svmptoms of disease which are not always found in every case, 
uit when they do oceur are of marked value in differential diagnosis: 
e.g. 1 potension occurs in a case of nephritis or renal lithiasis ther 
s probably a renal tuberculosis. Hypotension should snake us suspect 
tuberculosis even if the lesion found is a renal one.” 

The other side of the picture is presented by Burckhardt, Hensen 
Iversheimer, John, Naumann, Battistessa and Mathes. While most of 
them admit the occurrence of hypotension in pulmonary tuberculosis, 
they pretty generally agree that it cannet be determined constantl\ 
enough to serve as an early sign, or at any event before physical signs 
of the disease can be made out. Burckhardt finds no constant hypoten 
sion in twenty-three patients of Class | (Turban), at Davos, and even 
among thirteen patients of Class IT he can reach no conclusion from the 
hlood pressure, 

Hensen finds blood-pressure about normal until just before death. 

Igersheimer found among twenty-four patients no constant relation 
wtween the degree of the disease and blood pressure, 

John found, in 120 cases, a normal blood-pressure and pulse rate ir 
all the incipient cases. 

Naumann in 160 cases found normal and = subnermal pressures 
equally distributed among all three classes of patients. 

Battistessa in thirty cases concludes that sphygmomanometry can 
ive no help in early diagnosis and that arterial pressure in pulmonary 


tuberculosis does net show anv constant modification 
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Mathes in 100 cases n norma Css ‘ n Gg Wee 
Hypotension, he finds, is 1 in ea sig t is . ia 
tion 

We cannot ttribute 1 screpam mn opinions t t} nat ments 
sed. nor to the standards of normal press idopted the ferent 
observers, as similar although not entica ressures were nsidere 
normal by both groups of Observers, and s ir instruments were so 
The Riva-Rocei instrument or one of its modifications was used 
observers OL botl groups, t! (;aertner more otten b the Grermans and 


the Potain instrument oftener by the Fren 

From mv own observations, | should say that at present more re 
ance could bn placed on the results of a thorough physical examination 
of the chest than on blood-pressure tests, but [ have no Goubt that man) 


more cases ol earl . UNsUSpected or well developed cases would ve en 


titied as tubers ulous if it were as much a matter of routine to make are 


ful blood-pressure tests as it is to observe pulse-rate and temperature 


Any case of | Vpotension should put us on our guard at once If it persists 


and no other cause is found to explain it, such a hypotension should 
prob: rly bye treated on much the same hvgienk pl nciples as is suspected 
early tuberculosis. 


\s to the causes of the hypotension which is almost universally found 


in pulmonary tuberculosis, there is a good 


deal of speculation among t 
writers already quoted, hut there are scanty sources from which one can 
draw any safe conclusions 

At least one cause we mav abandon, namely, cachexia. 


ters who deny the presence of hypotension except in advanced cases con 


sider the cause to be merely the wasting accon panving the disease ™~ 
many observers have found hypotension In ea! cases and in cases wher 
there is no loss of strength or weight that this explanation can we r 
ignored. 

For the rest, the causes ray mc sume Im in twe genera state 
ments: first. that the hypotension is primary and the direct result of the 
action of the toxins of the tuber le bacillus and of the ss ited bacte 
ria of uleerating tissue on the neuromuscular mechanism of the perip 
eral circulation: second, that the hypotension Is seconda to some 
essential disturbance, as of the diminished solid contents of the “ 
(Cazes). irritation of gastri and pulmonat erminals « the pneurme 
gastric nerve, excess of carbon dtoxid in the blood, secondary anemia 
(Ledoux). fever which causes tachveardia, this causing hypotensio1 
which In its turn causes cerebdra inemila tT s stin iting the accelerans 
center in the brain (Krehl), diminished respiratory surface and con 
pression of the vagus by bronchial Ivmph-glands (Gibson) 
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} 


\s none of the theoretical explanations given, except that ol Kreh 


ind of those who eve in the direct toxic origin of the hvpotension, is 
pported by any facts of value, or has been subjected to the test of 
xperimental verification, I shall consider them only as they may be 
ncorporated in the more satisfactory, even if not positively proved, 


I toxie origin, 
Bouchard, in 1891, found that Koch’s tuberculin caused a dilatation 
t rabbit’s retinal vessels which lasted for davs He considers this 
that there is a substance produced by the tubercle bacillus which 
ts on the vasodilator center. He asserts that the result of this vaso 
itation is the albumin, blood and peptone he finds in the urine in 


osis; pulmonary and renal congestion being the usual result of 


eneral vasodilatation. 


\rloing, Rhodet and Courmont, in 1892, found that the injection of 


2 O00 to 2.500 me. of tuberculin caused a fall in blood-pressure in dogs 
and goats after thirty seconds, the pressure rising pres ntly but not te 
thre reviously normal They publish no tracings of their experiments. 


Charrin and Le Noir, in 1893, noted dilatation of vessels of rabbits’ ears 
after injecting urinary extracts of tuberculous patients. The dilatation 
vas found to be more marked if the urine was taken during high fever. 
hey coneluded that it was evident that some dilator substance was pro 


duced by the tuberele bacillus and that this substance was excreted by the 


\rloing and Guignard isolated four substances from Koch’s tuber 


n. and one of these substances caused dilated vessels, with a fall in 
pressure, and rapid heart action. They publish no graphic records 


eir work in rabbits and do not describe their technic. 


Viv own experiments on lower animals point to a distinet vasodepres 


« fect of the tuberele products, the actual manner of such toxi 
remaining undetermined, but the indications being that the cen 
ither than the peripheral, the nervous rather than the muscula 
nism of circulation is the sufferer 

Qn the other hand, Bauer, using curarized guinea-pigs, found that 
n (Koch) caused no fall in blood-pressure But he obtained 

om the culture medium used as control, and there is reason in 

vse there was an err n s method, for e peptones of 

i culture mediun ave alwavs in mv hands caused some fall 

'?) sting twenty patients with 0.005 to O.O01 doses « Id tuber 
nd no ta nm pressure eX S 4 isiona el 1 rear yn 

in Ss conclusions are positive that o el n causes 

no ! ) d-pressure n animatis or man elngs ‘| e weight ol 
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The opinions of ¢lin cal observers are of Value to a mited degrees 


drawing conclusions in such a complicated matter as the causes of t: 


cardia and hypotension. But such as they are, the sentiment is strong! 


n favor oil a primary toxic origin of low pressure wit Various i 
contributory causes, 

For instance, Papillon, Levy and Geisbock find that fa n 
pressure always follows tuberculin injections and that the fa < in pro 
portion to the dose of tuberculin and mav last from thre davs 


up to three weeks, 


Izershcimer alone finds a primary and constant rise in pressure o1 


administering tuberculin, and that this rise which occurs in twelve o1 
twenty-four hours after a dose of from 1 to 5 mg s independent of 
change of pulse or temperature. His observations were inade at Davos 


\ long list of authors come out strongly for the theory that hvpoten 


sion in tuberculosis is primarily the result of the tubercle toxins, « 


Regnault, Teissier, Ledoux, Norris, Gibson, Bose and Vedel, Turban, 


Homolle, Battistessa, Pottenger, Max, Faisans, and Strandgaard May 





conside:s as a contributory cause also the diminished albumin and hemo- 
globin content in the bleed of tuberculous patients 

Bouchard and Balthazard consider primary cardiac dystrophy tl] 
cause of low pressure. 

Inasmuch as the observers who note Vpotension as an early or dia 


l 


nostic sign in tuberculosis also generally allude to hypotension as 


predisposing cause to tuberculous infection, we may expect to find empit 
ical or logical treatment advised. directed to improving the circulation 


Galecki at Brehmer’s sanatorium at Goerbersdorf. and Stran: 


raanre 
at the Boserup Sanatorium, found that the rest-cure w ibundar 
ilimentation and regulated exercise raised the pressure in hvypotensior 
cases. kept normal pressure cases normal and delaved the fal n pressure 
f advancing cases were benefited by the treatment 
Igersheimer found that in only 32 per cent. of thirtv-sever ses 
allowed one hour exereise did the pressure rise: in 5S per cent. it fe 
and in 8 per cent. it remained the same after exerciss Pressure in a 
normal person rises on exercise or stavs normal, but does not fa He 
finds that overfeeding helps to raise low pressure 
Faisans reves it a ilises of ft , be a ( =k is tea 
flee, preparations containing coca ¢ i es ale oY 
\ Dos et aqdirect sul ott 1 eing col luseS ¢ ens I 
He states it the pressure can be raise es es i oderate 
ilimentation and care { exercis 
fourm ulvises treatment vel ONE ‘ nt shment 
ind states it 1 cure or arrest is ) ( 1 Sit tire ‘ ess 
must be ralsed to norma 
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The reliance placed by clinicians on the rapidity of the pulse is al 


ndication of the probable prognostic value of hypotension. for it is 
oul that the tachveardia is a fair measure of the hypotension. and as 
has been explained above, tachveardia is a necessary phvsiologic seque 
to Vpotension., Schneide r, alter observing a thousand Cases over a 


perio’ of four vears at the Goerbersd 


lorf Sanatorium, savs that he consid 
ers the rapidity of the pulse a most reliable means of prognosis in tubes 
culosis. The following authors came out quite as strongly in favor of 
Vpotension as a safe guide in prognosis: Regnault, Burchhardt. Galecki 
Max, Naumann, Revnaud, Battistessa, Grosset. Marfan. Fagart and 
Strandgaard 
IV. SUMMARY 


Hypotension or subnormal blood-pressure is universally found in 
idvanced pulmonary tuberculosis, in which condition emaciation may 
play a part in its causation. Hypotension is found in almost all cases 
of moderately advanced tuberculosis, or in early cases in which the 


toxemlé 


is marked except when arteriosclerosis, the so-called arthritic 
or gouty diathesis, chronic nephritis, or diabetes compli ate the tubereu 
losis and bring about a normal pressure or a hypertension. Occasional] 
the period just preceding an hemoptysis or during an hemoptysis may 
show hypertension in a patient whose usual condition is that of hypo 
tension 

Hypotension has been found by so many observers in early. doubtful 
or suspected cases with or before physical signs of the disease in the 
lungs, and is considered by competent clinicians so usefui a differential 
sign between various conditions, and tuberculosis, that it should be 
sought for as carefully as it is the custom at present to search for pul- 
monary signs. 
: Hypotension when found persistently in individuals or families or 
classes living under certain unhvygienic conditions should put us on our 
guard against at least a predisposition to tuberculosis. Most unhvygi- 
enic conditions, overwork, undernourishment and insufficient air. are of 
themselves causes of a diminished resistance, and it seems likely that a 
failure of normal cardiovascular response to exercise or change of posi 
tion may be found to indicate this stage of susceptibility, especially to 
tuberculous infection. 

The difficulty of proving a subnormal pressure is so much greater 
than that of determining an increase of pulse-rate or of temperature 


t} 


at some means such as the one I suggest in the tests T have made per 
sonally should be tried before considering a patient normal just because 
a single systolic reading shows a pressure within normal limits. 

Hypotension, when it is present in tuberculosis, increases with an 


extension of the process. Recovery from hypotension accompanies arrest 


SO 
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or improvement. Return to normal pressure is commonly found in those 
who are cured. Continuation of hypotension seems never to accompany 
improvement. Prognosis can as safely be based on the alteration in the 
blood-pressure as on changes in the pulse or temperature. 

The causes of low blood-pressure in tuberculosis are probably pri- 
marily a toxic action on the vasomotor center in the medulla, allowing 
of a vasoparesis or stimulating an active vasodilatation, and secondarily, 
progressive cardiac atrophy or degeneration. Toxic action on the vaso 
motor nerves or their motor terminals or on the nervous mechanism of 
the heart cannot be positively denied, although there is no proof of it 
at present. Toxic action of tubercle products has not been demonstrated 
on the muscle of the vessel-wall or heart, although with regard to the 
latter, the degenerated heart-muscle found in advanced cases may play a 
large part in causing hypotension. Rapid heart action is a usual and 
necessary sequel to low blood-pressure and will, if extreme, aggravate the 
hypotension by the very act of its shortened diastole. It has been sug- 
gested, but not proved, that lack of vagus inhibition owing to pressure 
by enlarged bronchial lymph-nodes and presence of sympathetic excita- 


t 


tion from similar or reflex causes such as pulmonary or gastric irritation, 
are responsible for the tachycardia and hypotension. 

“Fever will cause rapid heart action by effect on accelerans nerve 
endings in the heart. Diminished general pressure results in lower 
cerebral pressure which of itself stimulates the cerebral origin of cardia 
accelerans nerves especially when the low pressure is due to vasoparesis” 
(Krehl). 

The secondary anemia, with its diminished albumin, salts and hemo 
globin content serves to add to the hypotension from purely physica! 
causes in the blood-stream. 

Diminished area of lung tissue, resulting in an increased carbon 


dioxid content of the blood, is suggested as a contributory cause of hypo- 
tension. 

Displacement of the heart, which is so common a result of retracted 
lung tissue or loss of expansion due to cavity formation or adhesive 
pleurisy, is spoken of as a cause of tachycardia accompanying hypoten- 
sion, and it certainly seems to be a contributory cause in some cases. 

Marked vasomotor irritability is recognized as a frequent phenon 
enon in pulmonary tuberculosis and is supposed to result in tachycardia 
and hypotension, but it is not easy to see exactly what is meant by this 
term unless a certain functional instability, for which we have no proof 
of any definite local cause. 

Disease of the adrenal bodies is to be mentioned as a possible factor, 


only to be set aside for lack of any consistent pathologic proof. 
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Primary cardiac atrophy, congenital or acquired, can no longer be 
considered as a factor in the presence of modern orthographic z-ray 
examinations, and in the absence of agreement among pathologists. 

The result of hypotension in tuberculosis or in any other condition 
is insufficient capillary pressure, more or less venous stagnation and 
insufficient nourishment, with resulting atrophy or degeneration of the 
essential organs of the body. 

The treatment of tuberculosis in all its stages should take into con- 
sideration the need of assisting in every way the return to normal pres- 
sure, first by relieving the relaxed vessels of the load put on them during 
the vertica! position or exercise, and jater by assisting the heart by 
abundant nutrition, moderate exercise and the stimulating effect on 
cardiac and vascular tone of cold fresh air, to meet the extra work put 
on it by the loss of vascular tone. Thus wil] the heart be able to main- 
tain its normal bulk and strength or even to gain from the atrophy or 
small size of the early disease, to a normal size, so that brain, kidneys, 
lungs and body at large may be properly nourished, until the disease is 
arrested and the toxic products of the tubercle bacillus are no longer 
distributed from the site of the lesion. 

The following bibliography is, I believe, complete at present: 
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PYROGENIC ACTION OF SALT SOLUTIONS IN RABBITS 


HENRY F. HELMHOLZ, M.D. 


CHICAGO 


The recent publications of Meyer,’ Schloss,? Friberger,® and others 
have brought non-bacterial fevers again into the foreground. Numerous 
articles have appeared from the clinic of Finkelstein, which have shown 
that sugar and various salts given hypodermically or by mouth produce 
fever in young infants suffering from the acute gastro-intestinal dis- 
ti nce called dyspepsia. In 1907 Schaps* showed that, by the hypo- 
dermic injection of even so small an amount as 5 c.c. of physiological 
salt solution, a febrile temperature could be produced. Although these 
observations were denied by Weiland® they have since been substantiated 
by a number of observers. Meyer and Rietschel® showed that in about 
0 per cent. of the cases which reacted to physiological salt solution, no 
reaction could be obtained by the injection of the same amount of a 
modified Ringer’s solution. These were not the first experiments, how 
ever, on the pyrogenic action of salts. In 1895 Krehl* published, in ar 
article on fevers, a series of observations on the effect of salt solution 
riven subcutaneously to rabbits; 0.4 gm. of the salt given in 5 per cent 
solution produced reactions varying from 0.9° to 1.8° C.  Liidke.* in a 
recent publication, states that he was entirely unable to produce fever 


hlorid in adults suffering fron 


with 1 to 3 per cent. solutions of sodium « 
castro-intestinal disturbances. 
The pyrogenic action of salt solutions when given by mouth was 


emonstrated for the first time by Mever last vear, when he showed 


that a large percentage of infants under 4 months of age with dyspepti 
would react to the oral administration of a 1 per cent. solution 
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salzes bei subeutaner Infusion, Berl. klin. Wehnschr.. 1908, xlv, 2217 
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8. Liidke, H.: Ueber Ursachen und Wirkungen der Fiebertemperature, Ergebn 
d. inn. med. u. Kinderh., 1909, iv, 493 
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sodium chlorid with a rise in temperature. He showed that this action 


was a property of sodium halogen compounds. Schloss later s! ved 
that potassium salts also possess this pyrogenic property, but to a 


; 


I 
degree, and that calcium salts on tlie other hand cause 


ess 
temperatures. The work of Friberger substantiated in the essentials that 
f Mever: it differed quite widely, however, in the relative number of 


ases which reacted. 


The experiments that follow were undertaken to letermine whet 
or not similar reactions to salt solution could be obtain 1 in rabbits. 
The essentials in the technic used were as follows: 

1. All animals were brought to the laboratory one dav before using 
and the temperature was controlled at regular intervals. T highest 
temperature on this day was taken as the control, above w tempera- 
tures were considered as febrile 

29 The animals were fed liberally on carrot 

Temperatures were taken at regular intervals of one to thre 
hours. depending on the experiment. The thermometer was always 
ntroduced 2.5 em. into the rectum and a owed to remain for five 
minutes. 

t Sterilized solutions were introduced subcutaneously under the skin 
yf the abdomen, intravenously into a vein ol the eal r oral] yy means 
of a stomach-tube. 

Before passing on to other met ods of administering the salt solu 


t seemed advisable to repeat the experiments of Krehl. The results 


not in agreement with those of Kr 
-9 a large number of injections were made to prove the point. Of eight 


the experiments, however, were 


tbeutaneous injections of 5 per cent sodium chlorid, the average reaction 


vas 0.2° C. above the highest temperature re orded the dav before. 1 


highest reaction in an unused animal was 0.35° ; in an animal that ad 
een injected before, 0.4°. Two unused animals were injected with a %.9 


ner cent. solution of sodium chlorid. The one with 10 . reacted with 


a rise of 0.2°, the other with 50 c.c. failed by 0.2° to reach thi ches 
temperature of the dav previous. The administration of 0.5 gm f 
sodium chlorid in a 1 per cent. solution sub utaneouslv failed in three 
experiments to produce fever. The time between the injection and the 
fastigium varied from five to twelve hours. For particulars of individual 
experiments see tables appended. 

The reactions with sodium bron id were I similar, except that 


thev averaged a little higher. The average rise in temperature In seve n 
experiments was 0.33° C.; the highest temperature rea hed was 0.65 
tin fection and 


above the control temperature, and the time between in: 
ticium varied from five to twelve hours. 

With the sodium iodid the greatest differences were observed, no 
onlv between the used and unused animals, but also between differer 
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¢ 


ials of the used group and between different animals of the unused 


group. Several of the unused animals reacted quite definitely with 0.9 


x0 
O.4 


and 1.1°; a fourth failed by 0.1° to reach the maximum of the 


previous day. ‘The general average of ten experiments was, however, 


only 





1 


la 
1b 
le 


4b 
1b 


4a 
5a 
6 

4b 


5b 


more 


three 


spite 

with 

cent. 
7 


aoes 


but r 


, and there were five reactions of 0.4 


0.52 


TABLE 1.—SUBCUTANEOUS INJECTIONS 








se z 
. > = 
o & ben? at 
Salt used. 2 =e ~ = = 
2 = on | 
=a s Ess | 
- ~ — = 
~ ~ o < 
NaCl ) 10 9 0.1 
Nac! . oe 5 10 0.25 G 
Nac! weed 5 25 0.00 G 
Nacl 5 10 5 0.35 
NaCl 5 25 or ar ‘ 
NaCl 5 10 38.9 a=), 3 G 
NaCcl ° ° 5 10 6 39.4 0.4 G 
NaCl : 5 10 9 39.75 0.4 G 
Av. 0.18 
NaCl _ 2.5 10 5 39.35 0.25 } 
NaCl , 2.5 50 ‘ 39.4 —O.2 F 
Av. 0.12 
Nacl , 1 50 a 9.45 —0.55 F 
NaCl ae 11 50 39.5 -—<),§ G 
NaCcl 11 50 39.6 —i).4 G 
Average 
NaBr ... ‘ 5 10 2 39.1 0.1 F 
NaBr ; 5 10 6 29.6 0.40 F 
NaBr : wae 5 10 6 39.3 0.1 G 
NaBr > 10 6 39.55 0.65 G 
NaBr 5 10 5 39.75 0.6 G 
NaBr a 5 10 i) 39.85 0.65 G 
NaBr . 5 10 6 39.35 0.45 G 
Av. 0.33 
NaI .. 5 10 6 40.1 0.7 F 
Nal 5 10 3 39.2 —0.2 G 
Nal 5 10 614 40.0 1.1 F 
Nal . 5 10 5 39.75 0.4 G 
Nal 5 10 3% 39.55 —0.1 Fr 
Nal . 5 10 7 40.2 0.5 F 
Nal éan 5 10 7 39.85 0.05 G 
Nal ; _ 5 10 6 39.2 0.2 G 
Nal wawe 5 10 9 39.4 —).25 G 
Nal sees - 5 10 6 39.25 —.4 G 
Av. 0.32 


unused animal; G, used animal 


[In thirty experiments there was just one febrile reaction of 1° or 


or more; of these six reactions 


were produced by sodium bromid and three by sodium iodid—in 
of the fact that almost one-half of the experiments were performed 
sodium chlorid without a reaction of even 0.5°. With only 20 per 
of the experiments showing anything like a definite reaction it 


not seem justifiable to hold the salt alone responsible for the reaction, 
ather secondary causes which are variable. 


Having determined that the sodium salts injected subcutaneously 


produced fever only exceptionally, the intravenous method of injection 


was tried. 


In order to see what water alone would do, five animals were injected 


with amounts of distilled water varying from 3 to 10 c.c. The resulting 
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febrile reaction varied from 0.5‘ 


half to two hours 


HENRY F. 


alter inje tion, 


to 1.5 


and 


est average rise of any of the experiments. 


to the destruction of 


substances. 


If, instead of water, a 1 per cent. solution of sodium « 


ons were 


TABLE 


ised 


ised, the react 
Salt 
1 Aq. distill 
2 Aq. distil 
3 Aq. distill 
ia Aq. distill 
4b Ag. distill 
la Locke's so! 
b Locke's so! 
> Locke's sol 
d Locke’s soi 
2a Locke's so 
b Locke's sol 
‘ Locke’s so) 
d Locke's sol 
3 Locke's sol. 
la - Pee 
) Nac! 
‘ NaCl 
d NaCl 
NaCl 
2 NaCl 
NaC! 
da Nac! 
b Nac] 
5 NaCl 
6 NaCl 
7 NaCl 
8 PGA cccese 
*| 





‘, unused animal; G, 


TABLE 


Salt 

1 NaCl 

4 Nat 

; Nac] 

4a NaCl 

4b Nac! 

4a NaCl 

5 NaCl 

6 NaCl 

7 Nac! 

8 NaC! 
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1 40 
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very much less, averaging only 0.5 
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pyr gen! 
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One anima! 
. 
O5 G 
1.35 F 
Oo F 
0.6 F 
1.3 G 
Av. 0.85 
0.25 F 
0.25 G 
0.05 G 
0.25 G 
0.2 F 
0.15 & 
0.0 G 
0.1 G 
0.65 G 
Av. 0.04 
1.1 G 
1.1 G 
0.7 G 
1.0 G 
0.75 qQ 
0.1 G 
0.00 G 
0.35 G 
0.4 G 
0.25 G 
0.5 G 
—(),.2 G 
0.75 G 
Av. 0 
0.65 G 
0.6 G 
4 q 
1.05 F 
0.55 G 
0.6 G 
1.0 F 
0.25 G 
0.00 G 
0.65 G 
On q 
Av. 0.36 
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which showed practically no reaction to subcutaneous injection, reacted 
very markedly to intravenous and oral administration. The temperature 
reached its highest point two hours after the injection. The five reactions 
of the animal mentioned above varied from 0.7° to 1.1°; those of the 
other animals from minus 0.5° to 0.75°. In most of the experiments, 
10 c.c. were injected, in one 20 c.c. and one 5 c.c., without any apparent 
difference in the resulting reaction. For instance, one animal after an 
injection of 19 c.c. of a 1 per cent. solution showed a rise of 1.1°; on 
lay following, with 10 c.c. the reaction was just the same. In this 


series of thirteen experiments all of the animals had been injected 
J 





etore 
TABLE 4 ORAL ADMINISTRATION 
“& ~<... _= * 
ze Salt used <5 “s = 
au i Sa 2 
= > = < 
1 NaCl 1 100 38.55 0.6 I 
NaC! l ) 40.1 0.6 G 
b NaCl 1 0 39.9 0.3 G 
NaCl 1 40) 6 40.5 0.9 G 
NaCl 1 0 12 39.5 0.15 G 
4 NaCl 1 50 12 9.5 0.2 G 
> NaCl 1 40 9 39.5 0.3 G 
2d Nacl 1 50 39.3 —0(.3 G 
NaCl 1 30 9 39.95 0.2 G 
1 NaCl 2.5 no 29.4 wos G 
2 NaCl 2.5 50 12 39.2 0.00 G 
] NaCl 3 30 S 39.6 0.25 G 
‘ Natl 1 50 6 39.15 0.15 G 
7 Nat 1 50 8 39.6 0.05 G 
8 Nac! 1 0 9.25 O25 ‘ 
9 Nat 1 nO 38.4 0.5 G 
10 NaCl 1 no 5 0.35 G 
11 Nac! : “ns . 9.4 ) G 
2 NaCl . : 1 50 5 39.1 —0.0 G 
13 Nacl 1 50 5 39.05 —O.5 G 
14 ae 6 50 ‘ 39.15 0.2 G 
15 NaCcl 6 50 39 —().5 G 
Av. 0.19 
1 NaHco 2 40 39.45 0.15 G 
l NaBr ‘ 2.5 40 9 40.25 0.65 G 
After Butyric Acid Feedings 
1 Nac! : 1 25 6 89.2 0.1 G 
2 NaCl ae% 2 350 7% 39.65 0.5 G 
4 NaCl ’ ' 2 no e 38 0.05 G 
‘ Nacl , 2 30 7 39.0 0.45 G 
5 Nacl : 2 10 38.6 amp F F 
6 ns. dmg eect 2 10 ‘ 38.15 0.1 F 
7 NaCcl Sones 2 
and sugar . . 5 10 6 39.35 0 F 
8 NaCl and sugar oe . 10 39 —0.3 G 
9 NaCl and sugar....... ; 10 , 38.5 ——{),2 G 
10 NaCl and sugar....... es 10 6 38.95 0.2 G 


unused animal; G, used animal 


For comparison with this series, nine experiments were made, using 


Locke’s solution instead of 1 per cent. sodium chlorid. Of the nine, only 
two gave a positive reaction, one 0.65° and the other 0.25°. The gen- 
, ‘7 


eral average for the reactions was 0.04°, which is practically nil. 
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Three experiments in which 5 per cent. sodium chlorid was injected 
intravenously resulted in reactions of 0.55°, 0.4° and 0.4°, when the 


amounts injected were 25 c.c., 10 c.c. and 18 c.c., respectivel 
action here seems to be related to the difference in concentration betwe 
the injected solution and the blood rather than to any direct action 


the salt. Three experiments with 5 per cent. sodium chlorid averaged 
0.45°—only half as great as the reactions produced by the distilled water, 
so that there is no reason to suppose that the action of the salt in hyper 


} } } } 
| wot 


tonic solution is any other than that of the hypotonic distilled wat 


that of being a solution which, introduced into the blood, there produces 


products of destruction which have pyrogenetic powers. 

Intraperitoneal injections were next tried in a series of eleven exper 
ments, using 1 per cent sodium chlorid. Of these, two were on used 
1 by rises in tempera 


animals which, injected with 25 and 30 c.c., reacted by 


ture of 1.05° and 1.0°: of the seven remaining animals which had been 


A 


used before, five reacted with an average of 0.54°, the other four failed 
to reach the normal of the dav before. One animal that died in the 
course of the experiment showed on section considerable ciear fluid in th 


peritoneal cavity, which coagulated soon after removal, showing that t 


injection caused considerable exudation. The average reaction was 0.36 
In full knowledge that injecting salt solution by mouth into an adul 


rabbit is not comparable to the giving of salt solution to sick infants, a 


:] 


: ‘ 
ess tried to see if the temperatur 


series of experiments was neverth« 
could be influenced. Seventeen experiments were made with 1 per cent., 
two with 2.5 per cent., one with 3 per cent. and two with 6 per cent. 
solutions of sodium chlorid. 

Of the seventeen experiments with the 1 per cent. solution, nine 


reactions were positive, varying from 0.2° to 0.9°. Of these, three were 


in one animal with reactions of 0.3°, 0.6° and 0.9° after the injection 
of 30, 30 and 40 c.c. The experiments on this animal are perhaps th 
most interesting of all, because of the very definite reactions to salt 
solutions given by mouth, corresponding, as they do, very closely to the 
reactions in infants. The animal received three injections subcutaneously 
five injections intravenously and one injection intraperitoneally before 


the solutions were given by mouth. The first two oral administrations 


were given on succeeding days and the results were very nearly alike 
In order to make sure that the animal was not running a daily fever 


temperature, the temperature was taken during the next two days and 


the highest control temperature was 39.6° ; exactly the same as the highest 


control temperature taken at the beginning of the experiments. Forty 
c.c. of a 1 per cent. solution of sodium hlorid given the following d 

caused a rise of 0.9°. The day following was again controlled and no 
temperature over 39.6° was obtained, making it almost positive that the 
reaction was due in some way to the salt solution The ve n irked 
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difference between the sodium halogen salts and the other sodium salts 


+) . hil 
In tuner abdli 


ity to produce fever, as was first shown by Meyer and since 
verified by Schloss, made it seem of value to see whether it would hold in 
this case. Forty c.c. of a 2.5 per cent. solution of sodium bicarbonate 


were given by mouth without producing the slightest reaction. The day 
following, 40 c.c. of a 2.5 per cent. solution of sodium bromid produced 
a reaction of 0.65°. The animal unfortunately died the day following, 
so that the experiments could not be repeated. Autopsy revealed nothing 
to account for the death of the animal. The intestines were unfortunately 
so damaged by post-mortem decomposition that histological studies could 


not be mad 


e. The chart shows at a glance the very definite character of 
the reactions, In stronger concentration sodium chlorid gave very slight 
reactions or negative ones. Giving 50 c.c. of a 2.5 per cent. solution 
the reactions were 0 and 0.25°; giving 3 per cent. in similar amounts, 
0.25°, and giving 6 per cent., minus 0.2° and minus 0.5 

Great emphasis is laid on the fact that in order to obtain positive 
reactions in infants, it is necessary that the gastro-intestinal lining be in 
the condition accompanying dyspepsia. In order to produce an irritable 
condition of the bowel, increasing amounts of butyric acid were given to 
the rabbits by mouth several days before the salt was given. Bokai® was 
the first to show that the group of fatty acids had a very marked effect 
on the intestinal linings, producing diarrheas, hyperemia, hemorrhages 
and ulcerations. Czerny and Keller’® lay great emphasis on these experi- 
ments and consider the acute symptoms in the conditions which they 
as due 


term toxicose, Finkelstein’s intoxication, cholera infantum, etc 
in large part to the fatty acids produced. Myerhoefer and Pribram! 
showed that the rate of absorption through the intestinal wall was mark- 
edly increased during acute digestive disturbances. By means of repeated 
doses of butyric acid, an attempt was made to produce a condition of th 
intestinal canal most favorable for rapid absorption. Ten experiments 
on young rabbits which had been treated with butyric acid gave some 
positive and some negative results. ‘Twenty-five c.c. of a 1 per cent. 
solution of sodium chlorid gave a reaction of 0.1°; 2 per cent. sodium 
chlorid in doses from 10 to 50 c.c. gave three reactions of 0.05°, 0.5 
and 0.45° and two negative reactions. Adding to the 2 per cent. sodium 
chlorid 5 per cent. of glucose gave only one positive reaction of (.2° 
out of four experiments. 

9. Bokai: Experimentelle Beitriige zur Kenntnis der Darmbewegungen, Arch 
f. exper. Path. u. Pharmakol., 1888, xxiv, 153. 

10. Czerny, A., and Keller, A.: Des Kindes Erniihrung, ete., ed. 1, Leipsic, F. 
Deuticke, ii, 155. 

11. Meyerhoefer, E., and Pribram, E.: Das Verhalten der Darmwand als 
osmotische Membran bei akuter und chronischer Enteritis. Wien. klin. Wehnschr., 


1909, xxii, 875. 
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its 


Let us return now and compare the results of these experime! 
those of others working along the same line. The difference in the sub 


} y | HY ? 


cutaneous experiments is so marked that the) will be considered 


Inasmuch as Kreh! does not give the entire set of temperatures and con 


é 
trols, but merely the actual rise in temperature, it Is impossible to say 


whether his control is the highest temperature of the previous twenty 
four hours or merely the temperature taken just before the administra- 
tion of the salt. The pyrogenic action of the above-mentioned salts, 
when given subcutaneously in the concentration of 


a 5 per cent. solution 


is very slight, and in the great majority of instances does not influence 
the temperature of the animal to any definite extent. Four-tenths of 
cram of sodium chlorid given subcutaneously produces an average rise ¢ 


1.3°. according to Krehl; the greatest rise above the normal that was 
recorded in a series of eight experiments was 0.4°, and the average rea 
tion was 0.18°, a little more than a tenth of th Krehl average. For 


] 


sodium bromid, he observed Y 


an average reaction of 1.2°. The average 
reaction for my experiments was only 0.33", with no reaction mor than 
one-half that of his average reaction. For sodium iodid, his reactior 


i 


average is 0.9°. In mv series of ten experiments there was a singl 
reaction of 1.1°, exceeding his averagé The average of the ter weve 
was only 0.32 


which is to be compared to the reactions obtained by Krehl] It seems 


very probable. therefore. t] it some secondarv factor is necessar' T 
produce fever and that the salts per se in this concentration ver 


produce a definite febrile rise in temperature. 


The intravenous injections varied according to the tender 


i 


niected solution to produce destruction of the formed el nts 


blood. Distilled water had the most marked effect, a 5 per cent solutio 


of sodium chlorid less than one-half as much and Locke’s solution prac- 
tically no effect. Van den Velden’? was unable to produce a rise in ter 
perature by injecting intravenously from 3 to 6 ¢.c. of Tron 5 to 10 p 
cent. solution of sodium chlorid in adults. 

As was to be expected, the giving of salt solutions by mot th produced 


i¢ ver only exceptionally: the ex eption, | wever. proved to be perhaps the 
most interesting experiment. The animal on three occasions reacted 
with fever of from 0.6° to 0.9°, the temperature being controlled the da 
before and the dav after. \s to why this anima &! ould have reactet 
and the others not have reacted in like manner, as to whether 1s 
t salt per se or tox nror ts swept to Cll lation wit} 

t is Impossible to sa\ 


12. Van den Velden, R Zur Wirkung intraveniser Zufuhr hypertonis¢ 
Kochsalzlésungen, Verhan Cong. f. inn. Med., Wiesbaden, 1909 
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SUMMARY 


1. Five per cent. solutions of sodium chlorid, bromid and iodid, when 
injected into rabbits subcutaneously, produced no rise in temperature in 


the great majority of experiments. 
2. Sodium chlorid produces a slight rise in temperature when given 
in high concentration intravenously and practically no rise when modified 
according to Locke. 
3. One per cent. sodium chlorid may in exceptional instances produce 
a febrile rise in temperature when given by mouth. 


1449 Dearborn Avenue 








THE RETENTION OF ALKALI BY THE KIDNEY WITH 
SPECIAL REFERENCE TO ACIDOSIS * 


HERMAN M. ADLER, M.D., anp GERALD BLAKI 


HATHORNE, MASS BOSTON 


For some time now the conception of an acid intoxication 
familiar to every student and practitioner of medicine. Since 


f 


work of Naunyn on this subject in which many of the pathological 
nomena of diabetes were explained by the demonstration of an a 
cation to which the name “acidosis” was given, a great many 
been collected and which support in all essentials the original 
tions of Naunyn and his pupils. And it has become more and 
evident that disturbances, both quantitative and qualitative, in the a 


of the body to deal with varving amounts of acid, are not only import 


but by no means infrequent occurrences. Contrary to the assumption 


the early investigators, whose views are to some extent maintained 
many at the present time, it may be stated as a demonstrated fact 
the reaction of the blood, and probably of the tissues, varies u1 
conditions during life within such very narrow limi 


constant and neutral. , therefore, of speaki 
blood it will be more accurate to speak of the “neutrality” 
The reasons for this interpretation are of suc] 

can merely refer to them here, but those interested 

at length in the literature 

of the blood seems to be a fundamental 

necessarily exist some provision by mean 


i 


maintained in spite of the introduction, 

mentally, of acid or alkaline substances. Such a mechanism has beet 
demonstrated in recent years by the investigations of Friedenthal, Hen 
derson, and others. Briefly, this consists of a more or less compli 


equilibrium between acid substances on or 1 | o efly 


bonates and alkaline phosphates, on th 

are present in suitable proportions the 

what the actual quantities of the various substances may be. 

it will be apparent that it is quite possible to have a variation in 

acidity or alkalinity without any variation in reaction. This explains 

reason for the discrepancy between the results obtained by titrating san 
* From the Laboratory of the Department cf Theory and Practice of Physi: 

Harvard Medical School. 


1. Henderson, L. J.: Ergebn. d. Physiol., 1909, viii, 254-325, Bibliography 
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ples of blood or of serum and those obtained by determining the reaction 
of the blood by means of the concentration cell or by indicators. We assume 
then that in order to maintain the neutrality of the blood, the organism 
will meet the introduction of an acid by an increase of base, and that 
the only important change that we need at present to consider will be a 


slight increase in concentration. This increase is met by the kidney by 
an increased excretion. The function of the bases of the blood, therefore, 
is in the main twofold: in the first place to transport acid, and in the 
second place to help to maintain the proper concentration. The most 
important acid which the bases of the blood are called on to transport is 


carbonic acid. If for any reason more acid is introduced into the circu- 
lation than the bases present and in reserve in the tissues are able to 
neutralize, acid intoxication will result. The stronger, chemically speak- 
ing, an acid is, the more readi!y will it combine with base. Carbonic acid 
is a weak acid, and will, therefore, be readily replaced by a number of 
stronger acids which may occur in large quantities under pathologic or 
experimental conditions. In cases of extreme acidosis in which all ayail- 
able alkali is required to counteract the effect of the pathological increase 
in acid substances, such as beta-oxybutyric and diacetic acid, the organism 
is unable to transport a sufficient quantity of carbonic acid from the tis 
sues to the lungs, and a condition wil] result in the patient which may 
vary from lethargy to coma and finally end in death. There is one mech- 
anism of which the organism avails itself in extreme cases to combat the 
effect of an increase of acid; and this mechanism serves at the same time 
to liberate a certain amount of bases to carry on the carbonic acid trans- 
port. In acidosis the organism no longer combines all its ammonia to 
form urea, but uses the ammonia directly to neutralize the acid sub- 
stances. The ammonia thus combined is excreted in the urine and the 
estimation of the amount thus excreted has been the only available means 
of determining the degree of acid intoxication. While this method has 
proved of great help, it gives us an index of only one part of the conditions 
existing within the organism, and leaves us entirely without information 
in regard to the very important question of the reserve of alkali within 
the body. While the individual differences in alkali content of the blood 
and tissues in living beings is at present quite beyond our methods o 
investigation, it appears that a considerable amount of useful information 
might be obtained if we could measure, in our acidosis patients, not onl\ 
the amount of ammonia that is excreted but also the amount of alkali that 
is retained. 

The following investigation was undertaken in order to determine, 
first, whether any variations occurred in acidosis between the amount of 
ammonia and the amount of base excreted; second, whether such varia- 
tions, if they occurred, would give us information in regard to the acid 


neutralizing power of the organism; third, whether the method emploved 
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s sufficient curacy and simp ty to make It ¢ se in the I i 
ito! 
METHOD 
The method employed in this invest tion is the one reported 
Henderson and Adler.* It consists In comparing the prope! prepared 
ril vith a standard solution so! ad » ae to correspond in concen- 
} ry’ ] + + > 
ra n and reaction to 100d The method depends I f acts tna 
eutral red changes color at the exact ‘int of reaction of the blood 
d rthermore that this ange wl ’ , ranic ! . ve inte 
mediate shades of color between the 1 red of acid and the lemon 
é ow « aika \t the reaction of the the ne tr in solution 
sa . ( it the « lina reaction ¢ ril t sa ryt 
rgu If then a s¢ lution correspo! ling to blo 1 in reactio! e used 
is standard, with neutral r is an indicat 1 second specimen ol 
rine made up under similar conditions as regards dilution al | the qual 
, 
tity itral rea a, ma ee 1 ited wilt 1 one-tel I mai soaiun 
rat ntil the color of the ure speci! en corresponds exactiy to t t 
IT st indard solution () yusly n titrating r to the reaction f 
’ ’ } } 
the 000d t s necessal to add to th i is thre rin¢ af tne 
smount of alkali which, formerly combined with then n t on as 
ee! n the preparation of the ne n additio1 
TO T anotner! Ty) T m { if is T mii ed Tt? ‘ 
dv bv the substitution of ammonia for fixed alka ( these tw 
. , . . 
quantities are additive. Together t ev measure the effective work ot the 
dn¢ n saving yasic substances lor the irther neutra tion oO 1 a 
1 transport ot carponiec a a 
| solutions requ red are as follows 
1. A stock solution containing 36.2 gm. anhvar s di-sodiut phate and 
5.4 gm. anhydrous mono-sodium phosphate per liter [his s tio! i iluted 
in the rati 1 to 80 gives the reaction of normal blood and 1s u i compar} 
son of lors with the indicator 
74 \ 25 per cent iqueou solution ft neutral reé 
} A solution of potassium OX lat ipp ma ! mal 
f 
The procedure 1s as WS 
r Three ce. of the phe phate solution are piace in a 300 las 
One c.c. of the neutral reé t .dded and water to 240 hte te 4 
stan ira 
en c.f ot 1 I i tre t I t the t I I \ 
‘ stan ten tos | sa erkend 2 , ; 0) loc the 
ecinitate a ‘SF neutral red solution added ar t} made up to 
hout 240 e. One-tent normal |} rat odit a tion t i nto the 
ne m a burette unt t r ma - it tt tar t ] number f 
hic centimet f t 3 i ‘ ! I 
’ { ve ¢ ' " nreaents ¢ . ot 
om £ 2 eet OM HW. M | r 
} Salr } Tt fo « ( ! 106 71 
; he , P 
| 
: 
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EXPERIMENTS 
ee sets of experiments were performed. In the first the animals 
‘ ept on a constant diet of dog biscuit and water and were given 
i ”, guantities of a U.S Ye cent. hydrogen ¢ le rid solution by the 
350, — = 
= —————EEE 
! 
300 3004 
\ \ 
250) ’ 250, ‘ 
200. 200 
450. 135014 
aw 
| aay) 
100. 400. 
| 
501 SO, 
Total Alk, 
Total All 
Avd started 
bpp tt o> Pe Sewer 
4SEEBHMDY “UH UH 7B? 
Apr Ae 
( irt ( irt 4 J 
( Diagram « immor ! i Experiment 
. | 
( i Diag I i an oni ( etior i il t I Exy in t 4 : 
} j : 
4 
omach-tub Ir e second series onsta diet « lo Was s 
ted for the dog biscuit in ord educe the amount of nitrog 
: : 
saits and tf s the avallabie a 1 In the t d series the animals / 
n no food « r al I a eas aq amount o iter Ina : 
; 
| 
| 
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the experiments the urine was examined daily and the total quant t 
ammonia content, and the titratable bases were determined. 7 ne 
was furthermore examined for albumin or sugar, acetone and blood \t 


no time did we find either albumin or sugar, and, as was to have been 


expected in dogs, at no time did acetone appear in the ne even in the 


severest, fatal, case. The ammonia determinations were made according 
to the method of Folin.® 
EXPERIMENT | lable 1 Feb. 23, 1909 Large male mongrel dog ( 
stant diet of 250 gm. dog biscuit and 600 « f wa mixed toget ind 
made into thick paste In addition the dog received water of which e took 
varying amounts as indicated in the table. The acid feeding was begun March 8 
ind continued until the 23d From March 18 he was given two feedings of acid 
i day. On March 19 diarrhea set in and persisted until the end of the experiment 
200 _ nee 
| 
' 
| | 
P 
BNA 
SOL 
i | 
| 
i; | | A 
} 
100, | | 
| 
} 
} ‘ 
| ' 
\A 
50. ¥ | 
= ’ 
Tote! Alk; 
; 
j 
| 
f) re ee ee 
SBSEAats sSTIU EE 
(ha ) D ivran I I i \ l eri ’ 
lable 5 
mn \I i, thre og vomite S t if t 3 
until the end of the experiment Vomi ~ . 3 n “ " 
- f mucus mixed with the acid solutior Later sma mounts of fo« ppeared 
n the vomitus 
EXPERIMENT 2 (Tal 2 Ma 8, 1909. Small fox terrier bi San 
imount of food given and under the same nditions as in Experiment | I 
; id feeding was begun on Mat l5 a ntinued da int Apnil 9 Ihe 
j inimal appeared well and is vel ve iring the entire experiment On 
: March 21 irrhea set in and mtinued end of experiment, | this 
id not seem to interfere wit! e ge ra ealt About Marcel >) Was Tf j 
H " 
j it s vas in heat and the tab ind the show that e amount ul} 
: xereted os t normous . g s ¢ ire i ‘ 
4 
) in. O Zts ( Wie i. 16] 
: 
| 
i 
: 











186 THE ARCHIVES OF INTERNAL MEDICINE 


experiment the results seem to us of sufficient interest to warrant continuing 
the experiment and to record the results rhe dog showed a gain of one-quarter 
of a pound during the experiment. 

EXPERLMENT 3 (Table 3).—April 9, 1909. Same dog as in Experiment | 
Dog was kept on a constant diet of 250 gm. of wheat flour, which was made up 
into a dough with water and without other additions baked into a dry biscuit. 
This was fed to the dog daily, together with 600 ¢.c. of water, of which the dog 
took varying amounts as shown in the table \ double feeding of 0.8 per cent. 
hydrogen chlorid was given daily throughout the experiment. The dog had soft 
movements from the beginning and vomited about 10 to 20 e.c. of mucus once or 
twice a day, usually shortly after the acid feeding. Practically no acid, however, 
was lost in this way. The dog kept constant weight throughout the experiment. 

EXPERIMENT 4 (Table 4).—April 9, 1909. Male bull terrier pup, about four 
months old. The condition of the experiment was as in Experiment 3. The acid 
feeding began on April 14 and continued once a day until the 20th. The dog 





was lively throughout the experiment and did not vomit He had soft move 
200. aa, 
130) 
| 
' 
i: 
! 
1004; A | 
| A 
/ 
a. I 
Sol; f i 
i} f\ _\ 
it | \ 


Total Atk 





\ ‘ol 
| \Ayv] y 


Ce ee er er re ee ee ere 
SBSEMBMBISSTIUVBSEWBUY BU 
Chart 6.—Diagram of ammonia excretion and alkali retention, Experiment 6, 
Table 6 


ments during the period of acid feeding rhe weight throughout the experiment 
remained the same 

EXPERIMENT 5 (Table 5).—April 22, 1909. The same dog as used in Experi- 
ments 1 and 3. Neither food nor acid was used during this experiment, but the 


starvation depended on to aggravate the acidosis induced by immediately pre 


ceding acid feeding. The stools throughout the experiment were normal. There 
was no vomiting. There was a rapid loss of weight throughout the experiment 
from 1914 pounds at the beginning to 12 pounds at the end. On May 13 the 
animal appeared languid and indifferent. On the 15th he died in coma. The 


urine early became scanty in amount in spite of the fairly large quantities of 
water that the dog consumed This necessitated the omission of either the 
ammonia or the alkali determinations on certain days 

EXPERIMENT 6 (Table 6) April 22, 1909. The same dog as in Experiment 
$ Same conditions as in Experiment 5 Dog weighed at the beginning of the 


experiment 1314 pounds and weighed 8% at the end of the experiment on May 
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25 The movements were normal throughout the experiment The same diffi 
ulty as in Experiment 5 was met in obtaining an adequate quantity of urine 
The animal was weak and torpid at the end of the experiment, but rapidly 
recovered on being fed. 


DISCUSSION 


From the comparison of the curves, omitting the second, it is apparent 
that the results of this method of determining the alkali retention not 
only vary with the conditions in the organism as indicated in the ammonia 
output, but are sufficiently regular and sufficiently large to be of value by 

1emselves in estimating the capacity of the organism for withstanding 
acid. When the results obtained thus are added to the ammonia deter- 
minations we get a verv much more accurate idea, not only of how much 


acid the organism has to combat. but also how far the alkali reserve has 


been involved in the struggle. The clinical material that we have been 


rABLE 1 EXPERIMENT 1, ACIDOSIS IN DOG WITH DIET OF DOG BISCUIT, 
WATER AND 0.8 PER CENT HYDROGEN CHLORID 











Total Total n/10NH 
Acid Urine NH n/10NH Alk +- Total Alk 
0 140 1827 103.1 100.8 
0 160 ONT 129.2 104.0 
0 80 0626 0 83.2 
) 70 221 130.0 51.6 
0 120 123 7 72.8 
0 140 199 117.5 100.2 
0 100 243 142.9 64.0 
0 130 167 565 
0 9 Ba 112.9 66.5 
0 105 184 108.2 78.7 
0 15 15.7 short day 
6 525 0 1 1688 9 104.4 26 
0 wh e250 152 69.7 
7 1S) 270 164.1 140.4 
7 0 313 184.1 101.4 
70 105 196 115.2 2.4 
70 115 200 181.7 oF 
72 ") 271 159 101.7 
70 140 51 206.4 120.0 
70 gS 179 105.2 G0 
72 110 77 221.7 105.6 
74 160 40] P35. 136.0 
72 65 28 154.1 $2.2 
155 140 263 154.1 134.4 
155 110 291 171.7 118.8 
147 vt) 12 2.0 17.5 
153 P15 S60 O58 192.5 
155 115 277 162.9 138.0 
156 TO Oo2 4.1 83.3 
100 140 124.8 158.2 
, 149 TD 8.0 12.7 
152 Ss. 142.8 102.0 
78 70 92.9 74.2 
161 1 111 1.0 
156 ath) 273.6 150.0 
160 160 ‘ 198.4 1 ( 0.4 
160 60 ~41 1424 75.0 217.6 
: 160 gO s 199.6 107.2 306.8 
| 78 lt IS 229 131.2 360.5 
4 82 16 
| 164 240 214° 126.7 6.0 
160 110 226° l 7 102.3° 
4 160 10 4* > oe 
; 170 16 
: 161 +0) S8.8 t 148.8 
i 
*la los 
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rABLI EXPERIMENT 2, ACIDOSIS IN DOG UNDER SAME CONDITIONS AS 
EXPERIMENT 1 
rotal rotal n/10NH 
Water Acid Urine NH, n/10NU Alk Total Alk 
la ‘ 
s ’ 45 0 “” 136 Suu 2° © Lo a 
9-10 So v0 ‘ 
10-11 oO ” 0 44.2 =0.3 : 
, 400 x0) ” 73.6 on - 
- * 
m0 wi) “ (6.0 SS 4 
445 75 0 ~ O52 
ou 65 ” su 
; 10 110 72 
7 $20) SU 75 
1s sH0 me 76 
ISO 11) 7S yy 
haa 1m ren ih 
200 110 78 V6.4 
75 ww 75 pds i 4 
ma Oo 7 24.0 
a io 77 1S.S So 
0 60 78 $5.0 137.4 
120 77 148 Isz.u 
75 74 81.7 144 
SO 75 73.0 151.1 
200 7D oo 3h SSO 
"oOo no 7 6 108.4 
200 or) 76 6.2 47.8 
O00 I 76 70.0 mo 
200 nD 7D 103.4 64.6 
0) nh 77 25 78.5 TOS 
200 40 77 
Jim 110 ral 44s 4 : 
m mai) 77 oO a 
J 1 St) 2 s 
H00 60 62 2 160 43.2 203.2 
y 
ACIDOSIS IN DOG WITH DIET OF DRY BISCUIT, WATER, AND Ss j 
PER ¢ NT. HYDROGEN CHLORID 
rotal rota n/1ONH 
ater Acid Urine NH n/10NH Alk + Total Alk 
; 10 =) 161 st 
4 10-11 140 Iti “) LO ZOD 43.2 ‘ 
4/11-12 wren ” ’ “vos 7.6 
t/12-1 i) low 20 v4 Peet) 
i, 1 14 en 14 “ Mie s.2 
414-1 st) los 1 ) tH -» 
t/15-16 210 15th loo i) LUT.6 14.0 a 
4/16-17 ti ltd 10 the 2 4 292.2 
4$/17-18 ”) 151 IsSv) S4 = 1.0 270.8 
$ 18-10 me 0 oo ith 2% 2 OS.7 
H 2 ” 1G bo 4h Jeu 
t+ 2 » ys rar 4) ’ 14.4 { > ec... . 
ral i EXPERIMENT 4 ACIDOSIS IN DoG UNDER SAME CONDITIONS AS r 
EXPERIMENT ; 
rotal rotal n/10NH 
Vate Acid L rine NH 1/10NH Alk Total Alk 
$ 10 eo 0 
4/10-11 bow 100 ") re > be 
4/11-12 20 110 ytee 
12-1 220 1) 4 1.7 11.2 0 
$13 ; yen st ro ' ’ > 8 Lin} 
$,/14-lo = st mand) mn Iso mo Slow 
$/15-16 Sth i7 ee he =: 6 11.4 
$/16-17 wv ry I wo 252.9 rO.0 o20 
$/17-18 sem su 210 70) 281.7 +0 205.7 
4, 18-19 0) a le $28 251.7 StS 7 
4/1 How 7 att is 11lt.4 2.9 ou 
2tb-2] 1 15 42 Si oT Ww 
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rABLI ) ACIDOSIS IN DOG UNDER STARVATION REG ME 


Date 
$/21-22 19 150 125 266 157 23.7 180.7 
‘/Se-o ‘ oo ua ¥ S4 “ ; 
$/25-24 7) So 111 ‘ 6.2 s 
=, $/24-20 woe res 1¢ one 71.2 x 
‘ $/25-26 $0) 1 1s so.) “ ss) 
4/26-2% mat) ‘ | 1 ao 42.2 1.2 
i és 
4/26-28 1¢ lt Lip | ") 78 us rT S18 
$/28-S9 35 th) 74 s « 
$/20-50 pe rth r 4 ~ oN 4 3 
1/30 200) ony +4 
l- 2 OO 0 SS j 
- , tine ’ iid Y. ; s 
: 22 ) O69 $1.1 
4 ) st) 0) ; r _ s 
) 6 240 0 R 
t- 7 , ' 74 
. § s 
x- 0 T tit 2 
v-10 7 . ,- ~* 
10-11 ph | tio s i 4 Z 
»/1l-12 2 J4 su ) <8 
»/12 ") oo Tt r 
»/13-14 " si 445.4 
14-15 Go 1: ’ 
; ABLE 6.—ACIDOSIS IN| bot NDER SAME CONDITIONS AS EXPERIMEN’ 
rota rota n/1ONHs 
Weight Wa Uris NH 1ONH Alk Tota! Alk 
+ ate 
3 
: $/21-22 ] vie 134 o> rey 135 “ae 
' + 2a = ! ’ TS AL i4 ~ 
: 4/23-24 120 0 0219 12.9 
$/24-25 Ow) 5 - 
P| $/20-2 ’ , ( s ; 
t 4/26-27 su rT) is 4.7 
$/27-28 40 ’ oo ” 
4 /28-29 l 1¢ mm su) ry 
4 4) l su ; sf 
7 l- 2 ’ 2 i 2 
; su) 
4 4 
n. ¢ 5/16 oo 
i 6- 7 65 
. i- 8 4 
Ss = , 
10) ; “ 
10-11 ) 
{ »/11-12 1 25 s 
12-15 p11 un 
»/13-14 l 
»/14-1 low 
»/15-1¢ 175 
¥/16-1%4 on 70 s 
»/17-18 Ly by 100 ” . » 
»/18-10 r| 4 r 
»/19-20 } ” r 4x 
»/20-21 ) 
o oe *)°d*> 1 
22-2 i 2 7 is j 41 
»/ 23-24 40) 12h 
Be sat ‘ 
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TABLE 7 ACIDOSIS IN HUMAN SUBJECTS 





Urine Total Total n/10NH,+ 
Subject Date ce Acetone NHs n/10ONH, Alk. Total Alk. 
( Apr 1-2 1.18 697.3 775.3 
Ma 1-5 1.30 841.2 
May 4-5 1.26 821.6 
Ma 16-17 906 689.3 
I May 10-11 207 276.9 
May 10-11 S87 774.0 
R May 12-13 792 745.0 
Ma 12-15 666 575.5 
( Severe case. Diacetic acid constantly present with a minus carbohydrate balance 

a 1 during most of the time Given 30 gm. soda bicarbonate daily 
BK Moderately severe case No diacetic acid for nine months Never given soda 

bicarbonate Has a plus carbohydrate balance of about 30-50 

R Moderately severe case with diacetic acid present occasionally. Given 20 gm. soda 


irbonate up to May 3, none after May 3 Diet contains about 16 gm. carbohydrate ; 
about 0 gm. nitrogen 


able to observe has necessarily been scanty, but as can be seen in the 
specimens presented in Table 7, the same general observations that were 
made experimentally hold here as well. In the curves it will be observed 
that the higher the ammonia curve reaches above the base line the higher 
ordinarily the alkali retention line runs. In these cases, as a rule, while 
the acidosis is severe, the organism is in no immediate danger of coma. 
The starvation experiment, which ended fatally, is not absolutely corrobo- 
rative of this, because the animal died undoubtedly from exhaustion due 
to the previous ac id intoxication. Even he re, however, it will be observed 
that toward the end this alkali retention curve falls considerably below 
the ammonia curve. It is interesting to note that in Experiment 2 the 
alkali retention is decreased instead of increased almost proportionately, 
as the ammonia is increased. Whether this be due to alkaline secretion 
from the vagina entirely or in part also to the added condition of acidosis, 
it is clear that we are dealing here with an unfermented urine which is 
more alkaline than the blood, a condition which, except in those cases in 
which large amounts of alkali have been fed, has been considered by many 
an impossibility. 
CONCLUSIONS 

1. The amount of base excreted in the urine in acidosis, while follow- 
ing in general the variations in the amount of ammonia, may show differ- 
ences which are of importance in estimating the power of the organism to 
resist intoxication, 

2. Whether the amount of base excreted varies with the amount of 


ammonia or not, it is important to determine both quantities as they 


represe two distinct mechanisms of defense. 


The method employed in this investigation is of such simplicity and 


as a valuable aid to the clinician. 


accuracy as to recommend itself 

We wish to thank Dr. Francis A. Benedict of the Carnegie Institution Nutri 
tion Laboratory, and Dr. Elliot P. Joslin for the clinical material used; Dr. 
L. V. Henderson for his kind interest, and Mr. R. S. Titus for assistance in the 
preliminary work 
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THE EFFECTS OF CERTAIN INTERNAL SECRETIONS 
ON MALIGNANT TUMORS * 


G. L. ROHDENBURG, M.D., F. D. BULLOCK, M.D., ann P. J. JOHNSTON, M.D 


NEW YORK 


Several isolated observations have been made in connection with the 


effects of internal secretions on malignant tumors. Thus Cahen’ records 


ases of carcinoma of the breast in which after an incomplete breast 
imputation, the ovaries, too, were taken out. Of these cases he reports 
n some, a total disappearance of axillary nodes with gain in weight, the 
est results being obtained in young women, while t operation was 
valueless in women over 49 vears of age. The significance of such 
ibsence of germ glands is somewhat diminished by the observations of 


Stickler,? who reports 200 cases of tumors in bovines, 100 of which wer 


n castrated animals: and 120 tumors in equines, ninety-one of wl 
were in castrated animals. In connection with other secretions Gwve1 
as administered the thymus cland in cases of tumor and reports decrease 


n rate of growth, decrease in pain, decrease and in some cases disappear 


ince of enlarged glands. The thyroid al 


so seems to have some connection 
vith malignant growth: thus Stuart-Low* removed the thyroid in five 
cases of malignant tumor and records cessation of growth, decrease of 
pain, increase of weight and softening of nodes; while Bell’ reports 
atrophy of the thvroid in cases of carci! oma, 

With the idea of throwing some light on the reiation ¢ some of the 


nternal secretions to malignant tumors, the following scheme of worl 


was laid out: first, to note the effect on infectivity and malignancy of 
: 3 
‘ mors of the removal of internal secreting glands of ts: second. 4 
: to destrov immunity by removal of different internal secreting elands 
3 ird, to ascertain the effect of gland extracts on tumors in mice: fourth, 
‘ the use ol ind extra s to nde ivor to ] | ( my nit r ( 
a 
: th, to ascertain the effect of gland extracts on pieces of , in { 
- est-Tube ind SIX to no res 2 troatn 4 : ati 
ind preparations 
"i = i i 
i 
: , , 
*From the Cancer Laboratory of the Department of Zoology, Columbia Un 
: ersity N. Y.: under the wuspices of the George Crocker Sj ) Research Fur 
l. Cahen Deutsch. Ztsechr f. Chir 1909. xeix 115 
2. Stickle Arch. f. klin. ¢ 1 1oP. Ixv. 61f 
; 8. Gwver: Ann. Surg... 1907. xlvi, 86: 1908, xIvii, 506 
+. Stuart-Low, W Lancet. London. 1909. ii, 1138 
: 5. Bell: Med. Ree., 1907, Ixxii, 306 
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I FEECTS PRODUCED BY INOCULATING RATS WITH TUMOR AFTER 


CERTAIN GLANDS ARE REMOVED 


One hundred and ninety rats were taken and divided into five equal 
groups. As nearly as it was possible to select them, all rats were of one 
size (full-grown), and from a common stock. One group of thirty-eight 
animals was used as a control. In the remaining groups we removed the 
testes from one, the thymus from a second, the thyroid from a third, and 
the spleen from a fourth; while we started with an equal number of 
inimals in each group the death of some of the animals left us with 
unequal numbers at the end of the experiment. After allowing a varving 


for the absence of the 


period of time (from seven to forty-five davs) 


missing internal secretion to affect metabolism, an equal number of each 
group and of the controls were inoculated at the same time with rat 
arcinoma. 

\ll of our operations were performed under ether anesthesia. The 


imor was of Flexner-Jobling origin. The trocar method of inoculation 


was employed and all rats of a given group were inoculated at one time 


rom the same tumor. ‘The tumors were measured on the day of appear- 


ance, and on the fifteenth, twentieth, and thirtieth days following inocu- 
lation. At the end of forty days of tumor growth the animals showing 
an immunity were set aside for another section of the work and the 
others killed and examined. It was found that in the thyroid and thymus 


eroup, only one-third to one half, on the ave rage, ol the gland in question 


ad been removed. The results of this set of experiments are summar- 
ed in Table 1. 
FABLE 1.-GLAND-FREE ANIMALS INOCULATED WITH TUMOR®* 


mtrol Thyroid Spleen Thymus ‘Testes 
emoved removed removed removed 


‘ inimails in series =: = 
Average Interval between operation and ino 
lation in days ones ‘ 
Average interval between inoculation and ap 


pearance of tumor in days 11 11 7 ) 6 
Fotal number of takes including spontaneous 
res 24 2 20 18 2 
(S83 } (7S) (S1 ) (78%) «(S1¢ 
Number of positive tumors on 30th day 21 14 17 1 23 
720%) 47%) TO%) (56%) (600%) 
Numbet inimals which ther \ 
tikes y 6 4 5 6 
(17%) 20%) 16°) (21%) (16°) 
Number f ontaneous cures ul Oth d 9 4 4 9 
12 ) ) (15°) 27%) (27%) 
Numtl yontTaneous es u » 40th da 4 i2 3 8 12 
16°) (52 ) (15%) (44%) (37%) 
AV ‘ 
Ist d 6x6 4x4 { eas; 
15th da S x ax? 7x8 5x6 “ 7 
“oth day 10 11 Ss ” S a SxS xs 
Oth d 12x15 10«10 1214 11k12 10«K12 
* Int ind the following table a 1 : rem s are given in millimeters Fractions 


ve ernry ] rded in omputing a ra . nd percentage 
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In considering the results, several factors figure in drawing con 
ns \ first factor is the normal condition of tumor infectiv nT 
alignanecy for that portion of the history of the tumor during whi 


r experiments were conducted. A second factor is the effect of na 





s on these phases of tumor life. <A third factor is the specific action of 


e absence of one of the internal secretions. A fourth factor is t 


small number of rats in each group The fourt actor is a weakness 
it can he overcome ) lurthner expe! ents along the same nes 
Although the number of animals operated on is too small for safe 


eralization we believe that the variations shown In the table ep 


1 1] , ’ 
attributable to the absence of tli nternal secretior lt oule 
year from our res Ss that the rate ! r crowt ( ! onal 
not affected whil infectivit appears to be shown t 
mibe ot spol mec s ¢ es an “ne takes Ihe nfl en on ( 
> 4) 
I | there s an no restrictec | I in s ap ent 
ired D\ l Past TWO ¢ the ga inds ! © St es In SS1T ! i ( 
, 
ad that our ovpservatl ns pear out I ce n exte! \ = ¢ i 


servations on the human being 


Il FFECT ON IMMUNITY OF REMOVAL OF SOM OF THE INTI \ 


SECRETORY GLANDS 


Table 1 shows a varving percentage of animals immune to tumo 
oculations. The immunity indicated was of two types In some rats 
tumor appeared on inoculation (called in Table 2, Type 1), in others 
tumor grew for a time. and then disappeared (called in Table 2, Typ 
To the immune rats set aside in Section 1, we added others whic 
ad been previously inoculated with sarcoma and whi had shown ar 
immunity. According to Ehrlich and others® rats immune t reon 


aiso immune to carcinoma. 


ile some had one or another of the nds removed. From the latt 
nd from the normal rats we removed one gland so that we had sin 
ind-free and combinatio1 land-fre ats For exampl we id rats 

roid-free, and others with a combination of spleen-and-t! free 


ese rats were inoculated for a second time, t s time wit carcinoma 
] ] } } , 
| ¢ emark concerning incomplete tnvro ind mus removals is 
ain 4 — — 4 f 4] avian a } arith 41 nb ias 
made 1n the first section ol this article, applies here with tne ¢ eptio 


ose animals starred (*) in Table 2, in which the removal was compl 
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number that the results may be accidental, perhaps owing to previous 
faulty inoculation. 

In considering the results the possibility must be borne in mind that, 
ex hypothesi, through previous unsuccessful inoculations the several 
internal secretions may have been stimulated to such a degree that a long 
period of time is necessary before the immunizing substance disappears 
from the body. It will be noted that, out of eighteen animals showing 

pe 1 of immunity, eleven developed tumors which disappeared aftet 
varying periods of time; and that of fourteen animals of Type 2 of 
immunity, nine developed tumors of which but six disappeared. This 
we have interpreted as showing a lessened degree of immunity. 

TABLE 2.—RESULTS OF A SECOND TUMOR INOCULATION OF GLAND-FREI 
\NIMALS 
SINGLE GLAND-FREIE ANIMAI 
rype of Oy 


ratior Results following operat 











pe ) 
Origin of animal immunity Removal of rumor Disappeared 

Immur ma 1 Thyroid ox 6 10 days 
Immune sarcoma 1 rhyroid 2x4 10 days 
Immune sarcema 1 lhvroid tx3 15 days 
Immune sarcoma 2 Spleen 7x9 30 days 
Immune sarcoma 1 Spleen -X2 15 days 
Immune sar ma 1 Spleen ps 4 15 da 
Immune sarcoma 1 Spleen No tumor developed 
Immun ircoma 1 Spleen No tumor developed 
Immune sarcoma 1 Thymus 2x3 10 da 
Immune carcinoma 1 Spleen 7x8 30 day 
Immune ircinoma 1 Spleen 3 > 10 days 
Immune carcinoma 1 Spleen No tumor developed 
Immune inoma 1 Spleer No tumor developed 
Immune ircinoma 1 estes 3x4 10 da 

: Immur ircinoma 1 Testes No tun d 
Immun ir na 1 estes No tum developed 

I ‘ ‘ AND-FREE A s 

Imr l 1 rhymus > ‘ 0 da 
Im l 1 rhymus , , 20 day 
Immun yroid Testes t ) 15 day 
I hyroid-f 2 Testes 2 10 days 
In yleen-fr 1 rhymus No tumor developed 
! ‘ 2 estes 2X2 10 da 
Imi hym f 2 estes No tumor developed 
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This rather puzzling result we interpret as due to the action of a sp 


cific (7) chemical compound which may be derived from all tissues put 


through the same chemical process, 


rik EFFE OF GLAND EXTRACTS ON PIECES OF TUMOR IN THI 
rEST-TUBI 


Walker’ in his paper on the effects of certain serums on carcinoma i! 


mice, has shown that if pieces of tumor are placed in the serum of a rat 
whi has been njected with an emulsion of testes, degeneration of the 
cancer cells takes place. The cells are, according to his observation. 
nvaded and replaced by white blood-cells 
Following his idea we took pieces of healthy tumor tissue from a i 
mouse carcinoma and cut it into pieces about 2 by 2 mm. in siz Tl 


} 


undegenerated tumor tissue can readily be distinguished from th. 
necrotic in the gross and particular care was taken to secure onlv thi 


non-necrotiec portions ol the tumor. The gland extracts were prepared 


is before. About 3 ¢.c. of each of the gland extracts were placed in a 
separate test-tube and a portion of the tumor placed in each. As cor 
t we used a piece of tumor to which nothing had been done and whic! 


was placed in a solution of glvcerin one part and water two parts, while 


another piece was placed immediately in fixative. The test-tubes wer 
then placed in the incubator at 40 C. for forty-eight hours. The pieces 


tumor were then removed and placed in sublimate-acetie acid solutior 
and stained with iron hematoxylin. All of this was done immediately 
after killing the mouse, the interval between killing and action of thx 
gland extracts being not more than fifteen minutes. 

The results of this work were negative. It was found that all of the 


cland extracts caused necrosis of the tumor material as did the glvcerir 
contro The necrosis involved the entire piece of tumor and as far as 


could be seen there was no ereater necrosis in one piece than another 


We saw no replacement or invasion of the cells by white blood-cells 


VI. THE TREATMENT OF MALIGNANT GROWTHS IN HUMAN BEINGS WIT! 
VARIOUS GLAND EXTRACTS 
The first section of this paper shows that removal of the testes and 
d has an influence on tumor infectivity and that removal of th : 
thymus also has some effect. In the second section evidence was given 
to indicate that immunity was destroyed in three animals by complet 


emoval of the testes and thymus. While this last mav be a coincidence. 
still it deserves some consideration. Some evidence further is given in 


e fourth section to show that there is present in many of the internal 


7. Walker Lancet, London, 1908, ii, 797 
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testes, and thyroid are a group of glands intimately connect Ret 
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reaction being present, in others none. The glands din inished 
and in some cases disappeared. The tumors themsel 
tion of growth, and in some cases a temporary de: 


case recorded below a completes disappearan e occurred. 
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Our conclusions, based on forty-eight cases, are as follows: The thy- 
mus, when given for a period of from three to five weeks, markedly influ- 
ences malignant tumors by relief of pain, gain in weiglit, reduction in 
size of glands, and cessation of growth of tumor. After this comes a 
period of quiet with neither progress nor retrogression for about two 
weeks. Then the tumor either gradually increases in size, or remains 
for a long period stationary, or, as in one case in which the growth was 
small, may completely disappear with no recurrence. 

Mrs. Q., referred by Dr. Stieglitz, six years ago had a radical breast amputa- 
tion for carcinoma by Dr. Lilenthal; two years later an operation for gall-stones. 
About one month before commencing treatment she complained of severe inter- 
costal neuralgia. Examination revealed a local recurrence about three inches 
long by two inches wide. Because of a very severe nephritis only a partial 
removal under local anesthesia was attempted. The remaining mass measured 
about 1.5 by 1.5 inches, projecting into an intercostal space. The patient was 
placed upon thymus extract given hypodermically in five-minim doses daily. The 
pain was relieved after three injections. The mass grew steadily smaller and 
after fifteen injections disappeared. ‘There has been no recurrence to date, which 
is nine months after treatment 

Chis patient also had three fulguration treatments 

The administration of the thyroid extract alone showed results sim- 
ilar to those of thymus but to a less degree: slight decrease in gland 
involvement, decrease in rate of tumor growth, and slight relief of pain, 
but no gain in weight. 

The administration of testes was followed by no decrease in glandular 
involvement, and apparent increase in size of the tumor and rate of 
growth; no gain in weight and no relief of pain. 

The combination of thymus and testes gave the results produced by 
thymus alone, but not more marked. It was noted in three cases which 
had stopped improving under thymus that administration of testes in 
conjunction with thymus, produced a further but temporary improve- 
ment. 

The combination of thymus and thyroid was no better than thymus 
alone. That of testes and thyroid was no better than thvroid alone; 
while the combination of all three glands again proved to be no more 
active than the thymus gland alone. 


CONCLUSIONS 

planned, we cannot draw positive conclusions at present. The evidence, 

In this preliminary report on the scheme of work as originally 
however, drawn from the various lines of experimentation, is sufficiently 
encouraging to justify us in pursuing these lines of research. Briefly 
summarizing this evidence, we would point out (1) that removal of cer- 
tain glands (i. e., thyroid, thymus and testes) appears to decrease the 
susceptibility to cancer; (2) that removal of single glands or combina- 
tion of glands in immune animals leads to lessened immunity to cancer: 
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(3) that extracts of thymus, thyroid, spleen, pancreas, pituitary, an 
testes on injection tend to increase immunity against cancer and tha 
extracts of certain other tissues produce like effects; (4) that similar 
extracts, on injection in cancerous organisms, alleviate pain, redu 


tumors, or even cause them to disappear; and finally (5) that our results, 


combined with those of other observers, tend to the conclusion that 


tissues contain some common element, possibly of the nature of a hor 
mone, which is capable of producing immunity 
In conclusion we would express our gratitude to Drs. Fred. Gwyer and Gary 


Calkins, without whose help in material, chemical investigations, and 
tions, this investigation would not have been possible 


Department of Zoology, Schermerhorn Hall, Columbia University 
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THE DURATION OF TRYPANOSOME INFECTIONS 


JOHN L. TODD, M.D. 


MONTREAL, CANADA 


[. INTRODUCTION 


It is well known that trypanosomes may be absent for long periods 


from the peripheral blood of an animal or of a person suffering from an 


by trypanosomes, and that althongh no treatment has been 


infection 
given. It also frequently happens that the parasites may reappear, after 
a more or less lengthy absence, in the blood of persons or of animals who 
have apparently been cured by appropriate treatment of an infection by 
trypanosomes. It is important to collect instances of such disappear- 
ances and recurrences of the parasites in order that an opinion may be 
formed as to the length of time during which a recurrence is possible in 


cases of apparent recovery from trypanosomiasis or apparent cure. 


Il. HUMAN TRYPANOSOMIASIS 


The following observations prove that symptoms may be absent for 


long periods from persons who are infected with trypanosomes, and that 
those infected may die from the disease many years after the date at 


which it was acquired. 


There are many records of negroes who have died of sleeping-sickness five or 
eight years after leaving the district in which the disease was contracted.’ 

One of five subjects of early trypanosomiasis in Africans who were seen in 
the Gambian Protectorate? during the winter of 1902, died from definite sleeping- 
sickness in 1905; the four other subjects were alive and well in May, 1904, but 
they were all dead, from unreported causes, in 1909. 

rhe records of 102 infected persons who were seen in the Congo, at an early 
stage of their disease, when no symptoms beyond glandular enlargement were 
perceptible, indicate that one-third of such persons will live on without treat- 
ment for from thirty to forty months.’ It has not been possible to keep track of 
all of these negro patients, but five of them, without treatment, were well and 
working at forty-eight months after they were first observed to be infected 

rhe symptoms disappeared, without treatment, from three Europeans who 
were infected with trypanosomes; they recurred after fifteen months in one case 


1. Nabarro, D.: Trypanosomes and Trypanosomiasis, transl. by Laveran and 
Mesnil, London, 1907, Balliére, Tindall & Cox, p. 370 
2. Dutton, J. E. and Todd, J. L.: First Report of the Trypanosomiasis 


Expedition to Senegambia (1902), Liverpool School of Tropical Medicine, Memoir 
XI, London, 1903, Williams and Norgate. 

3. Todd, J. L.: A Review of the position of Gland Palpation in the Diagnosis 
of Human Trypanosomiasis, Jour. Trop. Med. and Hyg., London, 1908, xi, 229 
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fter three years in another The third p 
ifter the ce mmencement of the disease 
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\ consideration of these facts makes It easy to understand why some 


servers hold that untreated human trypanosomiasis 1°, n the end 
nvariablv fatal: while others helieve that spontaneous recovery ma! 


cur, especially in localities suc h as the Gambia and Sierra Leone, wher 


e disease is endemic and apparent] less virulent than it Is 1m areas 
ere it is epidemic. 

Before 1905, preparations of inorganic arsenic, especially liquo! 
senicalis. were the most efficient trypanot ides known In 1905, the 


envl-arsenic acid (atoxyvl) was discovered. Sines 


value of para-amido-p 
en other valuable trypanocides, su h as the antimony preparations and 


various anilin compounds, have been described. 


It was observed during the very earliest atten pts at the treatment 0! 


trypanosomiasis, that the parasites frequently recurred and caus 


ath of animals which were supposed to have been cured. 


The results have been published of the treatment of a large number ol Euro 


peans infected with trypanosomiasis a nun 


a recent number of the Bulletin of the Sleeping-Sickness Bureau The histors 
of several ¢ f these persons strongly indicates that recovery May occur In cases ‘ f 


vy panosomiasis if the patients be well cared for and efficiently treated Many < 


these patients are in good heaitt at n three vears after the comme! 
ment of their disease, while one is well nine vears fter the date on which syn 


toms were first observed 

Martin and Darré*® report four Europeans who were ipparently cured out of 
twenty-two patients treated bv atoxy! alone, o1 by atoxyl con bined wi nent 
or with tartar emetic; these four patients are in absolut ealth t t I 
alf to four years after the commencement of their disease 

Although the records « the treatment ¢ these | , 
ence ’ t the ] ving facts should not b tte! 

In some unfortunate instances, the disease has ix n entirely sistant to the 
therapeutic measures which have been success! in the treatme? other Eure 
peans 


It has happened, not infrequently, that the trypanosomes have recurred and 


that the patients have died of trypanosomiasis In instances In which the disease 
was not treated early, or in which the treatment was not as energetic, Or as 
constant, as it should have been Even in patients vho re ived early energeti 
and constant treatment, signs of trypam somiasis have been observed for so long 
as from three to five years after the commencement of the disease 

One patient, a European, who became infected in 1902 was treate ul n 
1908. seemed to have been cured of the diseas n 1910 he died of it 

$ Nattan-Larrier, L Sur les résultats traitement de la trvpanos TT. 

le blanc. Bull. Soc. de pat exotique, Paris, 10S 620 

5. Todd. J. L.: Trypanosomiasis in Et ns, Bull. Sleeping-Sickness Bureau 
London, 1910, ii, 314 

6. Martin, L. and Darré, H Résultats Gloignes du traitement dans la 
trypanosomiase humaine Bull. Soc. path. exotique, Paris, 1910, ili, 333 

7. Martin, L., and Darré, H Résultats Gloignés du traitement dans la 
trvpanosomiase humaine Rull. Sleeping-Sickness Bureat London. 1910, 1 912 
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Many Africans affected by trypanosomiasis have been treated by 
various methods. Unfortunately, careful records have not always been 
kept of the results of their treatment. The most important attempts at 


treatment on a large scale have been made since 1905. The commissions 
} 


sent out by Great Britain, France, Portugal, Spain and Germany have 


all reported on the results of their attempts at treatment; while Broden 
and Rodhain at Léopoldville, Thiroux in Senegal, and Ayres Kopke at 
Lisbon, as well as other workers, have treated patients in smaller num- 
bers. In spite of the warnings given by those who made the experiments 
and observations, which led to the employment of atoxyl and its deriva- 
tives in the treatment of trypanosomiasis, some of the investigators who 
have employed these trypanocides in the field have been carried away by 
the almost miraculous benefit which they bring to persons even moribund 
from sleeping-sickness: consequently, unduly favorable reports have 
sometimes been made concerning these drugs. Yet, although the records 
have not been published of even a small proportion of the patients treated 
by these commissions and workers, it does seem probable, from the 
reports which have been published, that a proportion of the negroes 
treated have been cured of the disease. 


Hodges* reviews the results of the treatment of several hundred cases in 
Uganda since 1906. He concludes that the percentage of apparent cures is 
extremely small (about 2 per cent. of the total number of patients treated at all 
stages of the disease). The probability of the treatment being successful depends 
upon the earliness with which it is commenced; and the number of recurrences 
increases with the length of time elapsed since the discontinuance of the treat- 
ment 

The cases are reported of two sick sepoys who were apparently cured five years 
after they were found to be infected." 

A negro,® who seemed to be cured of trypanosomiasis, had a recurrence of the 
disease after fifteen months of, apparently, perfect health. 

Kopke” reports the results obtained in 52 cases of trypanosomiasis in Afri- 
cans, who were treated by him since July, 1905; atoxyl was given alone, or in 
combination with other drugs. Six of the patients are possibly cured; the try- 
panosomes have been absent, without a recurrence, from the blood of one of 
them for two and a half years. It seemed practically impossible to cure patients 
whose cerebrospinal fluid contained trypanosomes; thirty-four such patients died 
within a year after the commencement of treatment. 


The records of these last cases tend to support the assertion that the 
appearance of the third stage of sleeping-sickness and of its accompany- 

8. Hodges, A.: Progress Report on the Uganda Sleeping-Sickness Camps 
from December, 1906, to November, 1909, Bull. Sleeping-Sickness Bureau, London, 
1910, xix, 260. 

9. Martin, G., and Leboeuf: Les rechutes dans le traitement de la 
trypanosomiase humaine; De l’association de la couleur de benzidine Ph. ( Afridol 
violet) a l’atoxyl. sull. Soe. pathol. exotique, Paris, 1909, ii, 54. 

10. Kopke, A.: Traitement de la trypanosomiase humaine; Rapport présenté 
au XVI Congrés International de Médecine, Trav. de l’Ecole de méd. trop. de 
Lisbonne, Lisbonne, 1909. 
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toms is caused by the penetration of the trypanosomes into th 


=Viti 


I 
cerebrospin al canal. It also supports the assertion that patients whos¢ 
cerebrospinal fluid contains trypanosomes invariably die, and that it is 


useless to attem pt to treat them. 
The following case is of interest in this connection. lis chief interest 


rt 


is that it s arcely agrees W th the above assertions, since s\ mptoms 
nervous derangement were never present and the patient lived, in spit 
of very inadequate treatment, for four years and seven months afte 
trypanosomes were found in his cerebrospinal fluid. 

The patient, a male negro, aged 23, seen July 7, 1904, lived in the missionary 
station at Bolobo. He had been ill for a year and had lost a little weight; he 
complained of weakness and there had been intermittent insomnia and headache 
no change had been noticed in his character and there had been no pathologic 
sleep 

The patient was well nourished and muscular. A careful physical examination 
disclosed nothing abnormal save a spleen which extended 10 c.c. below the costal 
margin When the sole of the foot was stroked the great toe was extended The 
pulse-rate was 84 and the temperature was normal. The glands were not definitely 
enlarged 

Trypanosomes were not found in the blood; the cerebrospinal fluid was dis 
tinctly cloudy and on examination was found to contain a few trypanosomes 
together with scanty leukocytes 

A short course of liquor arsenicalis was commenced at once; no record was 
kept of the way in which it was administered but it was not given constantly 
After that time the patient, occasionally, had slight fevers. On Feb. 6, 1909 
trypanosomes could not be found in the blood but the patient was not as strong 


as he had been and his friends feared that he had sleeping-sickness 


Ill. TRYPANOSOMIASIS IN ANIMALS 


Each of the trvpanosomes which cause a disease in animals has been 
nae to be pathogenic for every mammal into which it has been sub- 


inoculated It is true that the intensity of the infection produced varies 


in ieaneiiaaien with the virulence of the parasite and with the suscepti- 
bility of the animal inoculated. 


r severe infection in some 


For example Trypanosoma gambiense produc 1 
monkeys, (Cercopithecus patas), while baboons are almost resistant to it 


The virulence of the infection produced by each parasite in the 


experimental animal employed is usually constant. 


For example, Trypanosoma brucei al vays kills rats and other small animals 
quickly, but the disease produced by it in cattle may last for, certainly, several 
months 

Trypanosoma dimorphon always kills 
while cattle infected by it may live ir 


small iborate ry animals rather less 
quickly than does Trypanosoma bruce 
perfect health for several years 
Although the tvpe of infection produced by each trypanosome in eac} 
experimental animal is more or less constant, yet exceptions do occur and 


an infection may run an unusually acute, or an unusually chronic course 
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For example, rats and other small animals are easily infected with 
Trypanosoma gambiense and they usually die of the infection within a month or 
two;" but an infection has been observed to last in a rat for 388 days and 
infected animals occasionally recover.” 

Monkeys, infected with Trypanosoma gambiense, have remained for 150 days 
without showing symptoms of the disease. 

Trypanosoma dimorphon usually kills horses infected by it; but the disease 
caused by it sometimes runs a chronic course and horses may even recover as in 
the following instance. 

A horse, Case VI,? found naturally infected with Trypanosoma dimorphon in 
the Gambia in 1902, and brought to England; it was carefully observed until 
January, 1907. Then, since the animal had always been in apparently excellent 
health and since its blood was never found to be infected with trypanosomes, in 
spite of the most careful examinations, it was thought to be cured. The horse 
was reinoculated in February, 1907, and again in July with Trypanosoma 
dimorphon, in order to ascertain whether an immunity had been acquired. The 
animal sickened; trypanosomes were constantly in its blood, and in spite of 
treatment with antimony, it died a year later of trypanosomiasis. 

Another horse, Case X,* observed to be infected at the same time, remained in 
the Gambia. It was still alive and weli in February, 1909. Subject VI was not 
treated; Subject X, which remained in the Gambia, received liquor arsenicalis 
from time to time and it was well cared for although it was constantly worked. 


Many attempts have been made in animals of various species to treat 
natural and artificially produced infections of many different trypano- 
somes. Because Trypanosoma brucei produces a disease of short duration 
and of constant type in experimental animals, it has heen used most 
frequently in these attempts. 

Because of the absolute control under which they are treated and 
because of the large doses of trypanocidal drugs which they tolerate, a 
large number of animals, especially laboratory animals, have certainly 
been cured of experimental mfections by the parasites of nagana and of 
other trypanosomiases. 

Many rats cured of nagana, by various methods, have lived uninfected, for 


from 200 to 519 days after the cessation of treatment. 
Monkeys treated by atoxyl and mercury for an experimental infection with 


Trypanosoma gambiense have remained healthy for over a year." 


Much caution should be used, however, before an animal is accepted 
as cured ; for it has frequently happened that trypanosomes have recurred 
after an exceedingly long period and have led to the death of an appar- 
ently cured animal. 


11. Dutton, J. E., Todd, J. L., and Kinghorn, A.: Cattle Trypanosomiasis in 


the Congo Free State, Ann. Trop. Med. and Parasit., Liverpool, 1907, ii, 233. 
12. Thomas, H. W., and Linton, S. F.: A Comparison of the Animal Reactions 


of the Trypanosomes of Uganda and the Congo Free State Sleeping-Sickness, with 
those of Trypanosoma gambiense, Liverpool School Trop. Med., Memoir xiii, 
London, 1904, Williams and Norgate. 

13. Breinl, A.: Experiments on the Combined Atoxyl-Mercury Treatment in 
Monkeys Infected with Trypanosoma gambiense, Ann. Trop. Med. and Parasit., 
Liverpool, 1909, ii, 345. 




















SOHN / TODD 50S 


\ rat died of an infection by Trypanosoma brucei; the parasites had appeared 
in its blood 222 days after they had been driven from it by a dose of atoxyl 
Recurrences after about 100 days are frequently recorded Trypanosoma brucei 
reappeared, for the third time, in the blood of a rat which had been treated by 
arsenophenylglycin® after an interval of 148 days Another dose of the drug 
caused the parasites to disappear; they are still absent 264 days later 

Trypanosoma equiperdum reappeared after intervals of 105 to 126 days in the 


blood of rats treated by orsudan,” a preparation similar to atoxyl 


IV. CONCLUSIONS 


The good results which followed the treatment of l:uman_ trvpano 
somiasis usually have been so immediate and the patients have remained 
in good health so long, that it seems exceedingly probable that some can 
he cured ; but it is evident, from a consideration of the records of patients 
treated that, to be successful, the treatment must be energetic and must 
commence early in the course of the disease. Since the disease has 
recurred after eight vears in persons who had apparently recovered from 
it, or had been apparently cured of it, it is evident that it would be rash, 
with our present knowledge, to state definitely that a patient is cured, 
until that length of time has elapsed since the commencement of treat 
ment. During that period, the case should be carefully observed in order 
to recognize and combat any recurrence. Similar conclusions mav_ be 
drawn from the records of the treatment of animal trypanosomiases, 

Note.—-In addition to the authorities previously cited, the following will be 
found of interest: 

Bruce, D.: Further Report on the Tsetse-Fly Disease or Nagana in Zululand 

London, 1897, Harrison & Sons 

Thomas, H. W. and Breinl, A.: Trypanosomes, trypanosomiasis and sleeping 


sickness, Liverpool School Trop. Med., Memoir XVI, London, 1905, Williams 
and Norgate. 


14. Moore, B., Nierenstein, M., and Todd, J. L.: The Treatment of Experimental 
Trypanosomiasis, Part Il, Ann. Trop. Med. and Parasit., Liverpool, 1908, iv, 265 

15. Campbell, R. P.. and Tedd, J. L.: The Action of Arsenophenylglyein on 
Trypanosoma brucei Montreal Med. Jour., 1909, xxxviii, 794 

16. Kinghorn, A., and Montgomery, R. E.: Human Trypanosomiasis in Rhodesia 


> 


and Nyasaland, Ann. Trop. Med. and Parasit., Liverpool, 1909, ii, 277 








Sem me ar gi woe 





wee eee 








rHE PATHOLOGICAL ANATOMY OF THE HUMAN 
THYROID GLAND * 


DAVID MARINE, M.D., ano ©. H. LENHART, M.D 


CLEVELAND, O10 


INTRODUCTION 


Our conception of a satisfactory anatomical classification of thyroid 


changes is a scheme, composed of the major types of changes observed, 





irranged in the order of their manifestation and in which all separate o1 





ndividual observations may find proper grouping. It is universal 
admitted that such a classification does not exist. It is, however, in con 


croup of anatomical changes embraced under the gen 


nection with that 
eral term “goiter” that the greatest confusion exists. 


Studies based on large series of thvroids from the lower aniinals are 


ine 


still too few, though fortunately they are increasing because observers are 

rea ne that human material is too complicated, and that the cataloguing 

of the almost infinite variety of possible histological variations has not 

simplified existing classifications or established the sequential relations ' 
h tvpe of 4 


of these changes. The multiplicity of terms now in use for eat 
thvreid change is merely the result of this cataloguing process to which 
Virchow! a half centurv ago called attention in the following words: 
“With reference to true goiter the opinion has long heen held that it com- 


prises a series of definite varieties (struma Ivmphatica, evstica, ossea, vas 


eulosa, ete.) which ean develop independently of each other. This is 
wrong. (ll these so-called varieties are only different modes of develop ‘ 
ment of essentially the same form of goiter. Thev (the so-called vari- 
eties) mean only different forms of terminal conditions or metamorphoses 
which ean be combined with one another in the same tumor, and a very 
large and striking variety of these metamorphoses may exist in the same 
tumor (goiter).” 
While numerous and complicated anatomical classifications of human 
a 


voiter have appeared since Virchow thus wrote, and while the literature 
has been enriched by many detailed descriptions of histological changes. 
it does not appear that the really fundamental types of change and their 
sequential relatiens are vet established. 

Several factors have been and are still operating to retard our fuller 
appreciation of these fundamental or major anatomical groups. Among 


these factors mav be mentioned the following: 


* From the H. K. Cushing Laboratory of Experimental Medicine, Western Re 


serve University 
1. Virechow: Die krankhaften Geschwiilste, 1863. in, 4 
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1. We are still ignorant of the essential cause of goiter 

2. Tluman surgical material is so complicated and pure types of 
roid Cchanyves are so rarely observed In tian that lL has been In poss rit 
to reconstruct the primary changes from these terminal conditions he 
recognition and appreciation of the primary or fundamental important 
changes can be brought about only by the extensive study of autops 
thvroid series or series from the lower animals 

3. In order to interpret the anatomical changes it Is necessar\ 
relate them with the functional activity of the thvroid, and detinit 
criteria of such functional activity are by no means easy to determine. 


The best that can be done at present Is to compare the vdin contents wit 





their corresponding histological structures in large series of glands. 
Fig. 1 Normal human thyroid Note the uniform colloid: the low cuboidal 


epithelium: the scanty stroma the small, rounded follicles 


t. In the correlation of the clinical manifestations of goiter with the 


anatomical findings the probabilit has not been borne in mind that the 


thvroid changes are the result of a svstemu distur MINCE» nstead of the 
cause of the svstemie disturban 
D. It does not seem nossible at thre present time to dist neous! or to 


separate, solely by anatomica studies, those thvroid hyperplasias which 
should be considered as tumors from those which should be designated as 
physiological or compensatory hype rplasias. This fact is implied in the 
use of such terms as “adenomatous” or “adeno-parenchymatous goiters.” 

6. The thyroid undergoes exceedingly rapid histological changes the 
causes for which are still ill understood. Thus an active hyperplasia 


with high columnar epithelium and no stainable colloid may change to 
| 
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a colloid gland with low cubical epithelium and abundant colloid in from 
two to three weeks, 

\ll these factors introduce grave ditticulties in the way of establishing 
the major and fundamental types of thyroid changes. Nevertheless, by 


% utilization of material from human autopsies and from the lower 





Fig. 2.—Marked glandular hyperplasia (human). Note the reduced colloid; 
the high columnar epithelium; the increased stroma; the enlarged and irregular 
follicles 





Fig. 3.—Colloid-moderate glandular hyperplasia, i. e., a hyperplasia occur 
ring on an old colloid goiter Note the slightly reduced colloid; the high colum 
nar epithelium; the increased stroma, the enlarged follicles 


animals, together with our present accumulation of experimental data, 
it is possible to overcome the major difficulties and to separate the essen- 
tial and major types of anatomical changes from the minor and secondar\ 


changes which thvroids in common with other tissues may undergo. 
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CLASSIFICATION 


The classification which we present has alreadv appeared in outline. 
mt only those divisions concerned with the development of goiter were 
discussed in detail. Here we shall give connected, though necessar 
yrief, descriptions of al! the individual divisions These descriptions 
embody the results obtained from our anatomical material, both compar 


tive and human, together with conceptions gained from our experimenta 
observations with many animal species from fish to man 


} 


Throughout all the work we have made mention of the general sin 





arity of the various types of changes in the several animal groups stud 
ed: this we wish again to emphasize 
i. 
il 
; 
= 
> 
>, s 
exe, 
Fig. 4 Diagrammatic sketch of normal follicl 
Fig. 5 Diagrammatic sketch of actively hyperplastic follicle originating from 


the normal follich 


The classification follows: 


I. Normal Thyroid. 
Il. Active Hypertrophies and Hyperplasias (goiter 
1. Developing from the normal thyroid 
2 Developing from the colloid gland goitel 
111. Colloid Glands (Goiters 
IV. Regeneration ( Hyperplasias 


2. Marine and Lenhart: Relation of lodin to the Strueture of Human Thyroid 


ete.. Tur Archives INT. Mep., 1909, iv, 440 
3. The term “goiter.” being clinical, embraces several anatomical groups 
These different groups represent different “stages” in the common process and it 


is therefore important to establish the sequence and logical order of these ana 
tomical changes In this wav one can eliminate many of the terms now in use 


r accidental changes For the 


by demonstrating that they represent only minor « 


physiological staves of goitet! this has been established 














O10 THE 


\ (trophies 
1. Premature atrophies 
a) of obesity 
D of cretinism 
‘ of myxedema 
2. Senile 
VI. Degenerations 
1. Hyaline 
Amyloid 
3. Caleareous, ete 
Vil. Inflammations 
1. Acute thyroiditis 
2. Chronie thyroiditis 
VII. Tumors 
l. Benign 
a Fetal adenoma 


1ROHIVES Of} 


b) Simple adenoma 


2. Malignant 


a) Carcinoma from 


INTERN 


fetal adenor 


b) Glandular carcinoma 


‘ Sarcoma 
d) Endothelioma 
IX. Complications 
l. Hemorrhage 


2. Cyst formation 


a From hemorrhage 


b) From fetal adenoma 


\\ ive made nine major anatomical ¢ s1ons nh thee ef that they 
epresent different physiological or pathological stages The first four 
divisions, viz., normal thvroid, active hypertrophy o1 perplasia, colloid 
gland and regeneration, are physiological. The remaining five divisions 
ire properly designated as pathological, and are on the generally 

cepted groupings common to all body tissues. 

In the broadest conception, there are no anatomical « ges seen in 
t roid which have not their counterpart in other tissues The anat 
rik anges accompanying both physiological and pathologica ron 
esses are pronounced in the case of the thvroid. while in ft] ise of some 
other tissues as the brain. striped muscle. live kidney, et functional 

ations are accompanied by Comparative Siig anatomical changes, 

s, howevel Is on the Slbie ¢ ression ¢ the wide ange or evel 
0 netional adaptability wit whi the t land b d and Iwm 

' tissues as we ire endowed 

lust as ther Is ho group o inatomical ¢ inges spec! ior the thy 

: me mav iso add that there is as ve noe evidence of an SCASE 
! with the possible exception tun rising In ane marily 
te nges In the thvroid \ll the data at present available indicate that 

i roid changes. with whateve SvVinptom-complex assoc ted. are sec 
nda to, and the result of. son more general svster disturbance 


(propabdly nutritional). 
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I. NORMAL TILYROID 


The wide variations in the functional activity and the correspond 
ing anatomical variations make it difficult specifically to detine the normal 
thyroid, But. aside from these ditt rences clearly dependent on phyvst 


logical variations, histologists generally are in agreement in regard to the 


gland must alwavs be the 


limitations of normal structure. The normal 
hase line or point of departure, and without a definition of the limits of 
normal variations one cannot have a clear conception of the departures 
from normal. For this reason, then, we consider the normal thvroid the 


most lmportant of the nine groups 





Fig. 6 Diagrammatic sketch of colloid involution of an actively hyperplastic 


follicl Compare with the normal follicl Fig. 4 





Fig. 7 Diagrammatic sketeh of an actively vperplastic follicle originati 


ne 
from the colloid folliel Fig. 6 

The weight of the normal thyroid i min = sl 4 Om : 
to man, Is the lowest and represents the smallest amount of thvroid tissu 
compatible with normal body functions The normal adult human t 
roid weighs between 20 and 27 on (‘I Ss applies to the seacoast tvim 
It is lower than the weight usua stated. There can be no doubt that 
In goitrous districts mit arger glands are considered as norma 
although from our experiments and observations we believe that all suel 
elands have at one or more times show! pertrophic changes, and if the 
histological examination shows anv evidence to that effeet. we class then 
as colloid elands. ) The atera obes are 1 ceneral SVinmetrical and of 
uniform size thous slight Variations e commor | ‘ sthin : = 








IZ THE LROHIVES OF INTERNAT VEDICINE 





Fig. 8 Colloid goiter (human) Note the enlarged follicles: the low cuboidal 


epithelium; the uniform colloid; the slightly increased stroma 








Fig ba Senile atrophy Note the dlisay pearance of recognizable follicles 
the occurrence of old desiceated colloid masses in atrophic follicles: the hyaline 


transformation of the stroma 
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e pyramidal portion is va Ne ast s pres 
shape and size. The entire gland is invested in an oute ous are 
sulle Which strips isilv. leav ny a slight obulated smoot ~ 
; 
he inner or proper capsule is thin and translucent. ‘I ne : 


(trabecula) of the true capsule, const tut 


and, mark out the lobules and 


L support the hblooed-vessels and 











essels, In some lower vertebrates, including the bony fish. the glan . 

no capsule. The color of the thyroid is similar in all animals examines 

md varies from a pale amber red to a bright amber red Phe consisten 

= firm and somewhat elastic. On section the follicles can be distin 
guished with the naked eve in all the larger mammals. Th : Col 
siderably in size, although the normal follicles varv the least. and 1 . 
urements of from 0.3 to OLS mm. would include most of the fo es 
‘ 

Fig. 10.-Premature atrophy (cretinoid) of childhood Note the generalize 
increase in the stroma; the compressed follicles: the desquamation and perhaps 
piling up of the epithelial elements; the absence of colloid 

, the normal human thvroid. All the follicles are filled with clear. amber 
vellow. vist il colloid, which gives to the thvroid ts specitic characterists 

The microscopical appearance of the thyroid unit—the alveolus 
follicle—is similar in all animals from fish to man. The follicles are in 
general round or oval, closed spaces lined with a= singh ver « \ 
cuboidal or at most cuboidal epithelium. ( Hig! ( moldal of il 
epithelium always indicates livpertrophy.) The cells are quite reg 
in size although one can often distinguish the so-called “elvis al 
loid” cells deseribed by Langendorff and others. Whether there is ar 
iffTerence in the nl Velolog cal activit ‘ these ‘ ~ s do it ] 
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Fiy. 11 Simple adenoma Note the well-differentiated tissue; the capsule; 
the reduced colloid; the irregular-sized follicles; the low columnar epithelium 
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Fig. 12 Low magnification to show a circumscribed and encapsulated mass 
of thyroid hyperplasia which reacted with iodin just as the surrounding hyper 


plasia with resulting colloid gland 
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probab represent «a fT ent stages of secrets i < ‘ ‘ = 
The nuck ire sma vasal and ves i! The es it , ' 
with the ree horde! the ¢ thelial celis ame mplets “ ‘ ‘ 
< ‘ or an occasiona i Ol ‘ irea It ~ nogeneows ale Polo ne 
metalli ilcoholic fixation stains deeply wrt acrad dyes The colloid «ot 
vdijacent ollicles mav not stain with the sare ntensitv and colle a ke 
materia s frequentiv to be seen In the mphatic spaces in mel it I 
uspally taken as anatomical evidence that the vmphatics form t nol 
iths ( t for the colloid.” The slood and vmph cap iries rr 
richiV ahastomosing networks about ea 0 ‘ and ve to the tl ( l 
tissue a relative iru rlood-su han al other bow tiss 
it ! i ! " n 
arr i] =I 5 
iu ‘ l 
( \ V1 hil - 7 ao ~ 
7 Pp? 
(i ‘ = ) ( neg \ {, 
’ , , , ’ “ ’ 
$. Carlson ar Wve An | . bole 4 
obt nm al a i ‘ ’ 1 " t f m t 
he s tior Iiunt at ~ ‘ j ] mn } < | ( 
15 \ il | rite it ( “ ~ r “ 
isprove the vi it t ! secre isses 
Ivmphatics 
) *Act is < ~ Z o r r ' 
or julescent stay 
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Fig. 14 Adenoma of intermediate type but closely approximating the true 
fetal adenoma Note the capsule with the tumor tissue on one side and the 


original thyroid on the other side 





Fig. 15 rrue fetal adenoma. Section taken from central part of tumor where 
follicles are more separated. Note size. shape and arrangement of follicles, the 


lining epithelium and the absence of colloid 
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a general increase in its blood-supply, a general decrease In the stainable 
colloid and a general change from cuboidal to columnar epitheliun If 
these changes continue to the stage of « proliferation, the condition 
is properly designated as hyperplasia. ‘There are all degrees of the abnor 


mal cell growth from the slightest departure from normal ( 


Vpertrophy ) 


to the marked proliferation (hyperplasia ) 


Hyperplasia is the anatomical evidence of increased physiological 
activity of the gland, and the instances in which visible goiters appear are 
only accidents, so to speak, since the great majority of all hyperplasias in 
all animals never reach that degree of proliferation which could be elin- 


ically diagnosed as goiter. Clinically, therefore, goiter is relatively rare, 


while anatomically it is extremely common if one uses the term “goiter.” 


as we believe it should be used, in its anatomical-pathological sense, \|! 





Fig. 16.—True fetal adenoma showing relation to capsule 


these ce grees ol hyperplasia are to be considered as stages in the common 
process of goiter development. In previous pu slications® we have empha 
sized the great frequency of active hyperplasia in dogs, sheep, cattle, hogs, 
fish and man. 

Tracing the development of hypertrophy and hyperplasia from the 
normal gland. the first change noticed in the thyroid is its increased 
hlood-supply. The capsular vessels dilate and hvpertrophy and become 
tortuous. The capillaries surrounding the follicles are dilated, I} 
gland becomes larger, softer and takes on a brighter red color. Mier 


6. Marine and Williams Tue ArcHIVES INT. Mep., 1908, i, 349. Marine and 
Lenhart, ibid., 1909, iii, 66; 1906, iv, 440; Jour. Exper. Med., 1910. xii, 31] 
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Fig. 17 Fetal adenoma undergoing degeneration: note the broad hyalinized 


stroma bands, the distorted follicles, the swollen and degenerating epithelial cells 


Histologically it somewhat resembles carcinoma 





Fig. 18.—Careinoma with metastases. Fetal adenoma type. Difficult of dif 


ferentiation from fetal adenoma histologically 











lal. to columnar and finally to high columnar. With the disappearance 
Noid 













Fig. 19.— Carcinoma with lung metastases showing some differentiation Fol 
licles tend to grow out in tubules Some stainable colloid 
lium begin to appear In all encapsulated thvroids These infoldings are 
} ] ] . | 
less marked in non-encapsulated glands, as in the bon His} 


The gland capsule and stroma hypertrophy parallel with the epithelia 


proliferation and the increased blood-supplv. In the early stages of hyper 
plasia this hypertrophy is slight, wh le it mav be unusually prominent it 
th late stages, especiall\ ol exophthaln ( voter, as Wi | he d SCIISSEr 


more fully under ‘Atrophies.” 


| 


In the advanced stages of active hyperplasia and notably in exop] 
groups of lymphoid cells These sroups ol lvmphoevtes are interprete 
by some observers as evidence of a chronic inflammatory process, while 
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scopleal there is lessening of the stainable colloid, at first b 
staining: later vacuolization and finally actual disappearance of the ti 
colloid, its place being taken by a granular albuminous débris in whi 
mav be seen leukoevtes and shed epithelial cells As the colloid disap- 
pears the epithelial cells change from the normal cuboidal to high « 


the colloid and the growth in size and number of epithelial cells, the colo 


rf the eland changes trom the norma amber red to reddisl| trans- 
ucenh to g! ivish red and finally to the SOT, fles Vv. ora\ red and opac 
color of the marked hyperplasia as is classica seen in developing exop! 
halmie goiter. \s true hyperplasia of the epithelial cells takes place, 
e follicles en arge, and infoldings and plications of the ning epithe 


thalmik goiter there are scattered throughout the stroma smaller or large 


others look on them as the local manifestation of the general !yvmphoid 
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hyperplasia that is so commonly associated with thyroid hyperplasia. The 
latter view would appear to be the more logical, as these lymph foci are 


never seen in the thyroid apart from a systemic Ivmphoid hyperplasia. 


?, Secondary 


(Hyperplasia Developing from Colloid Glands) 


\ctive hyperplasias developing from colloid glands are not essentially 
different from those developing from normal glands. Their interpreta- 
tion offers more difficulties on account of the wider range of possible 
morpholegical changes and the more complicated life-history. It is rare 
to find secondary hyperplasias free from other morphological changes, 
while with primary hyperplasias this is the rule. The extent of these 
additional changes, such as hemorrhage, cvst formation, degeneration, 
enlarged follicles, ete.. depends on the duration of the thvroid enlarge- 
ment, the number of times hyperplasia and involution to the colloid 
state have occurred, and on many other minor factors as trauma, treat- 
nent pregnancy, lon ality, intercurrent diseases, food, etc. 

We have often seen the statement: “It is difficult to understand why 
some goiters have large colloid evsts while others do not.” The explana- 
tion for this is simple, and may be represented graphically, as in Figures 
tf to 7. These diagrams illustrate the fundamental point in the interpre- 
tation of the so-called “evstic voiters” or “papillar v cvstie eoiters.”” Sim- 
piv stated, then, our studies have led us to believe that all goiters with 
enlarged colloid follicles are the result of previous periods of hyperplasia 
alternating with periods of more or less complete return to the colloid 
state These secondary hyperplasias, or hyperplasias developing from 
colloid glands, are illustrated clinically in the so-called “secondary exoph- 
thalmric gvoiters,” the thy roid enlargements of succeeding pregnancies, the 
enlargements with succeeding menstruations, or finally, in any thyroid 
which has undergone hyperplasia and involution more than once. Each 
period of active hyperplasia as a rule further enlarges the follicles, since 
follicles, once enlarged, do not return again to their original size, althoug! 
in all cases thev tend to do so and most cases do become somewhat smaller 
as the active hyperplasia returns to the colloid or quiescent state. 


The important anatomical changes are similar to those occurring in 


the primary hyperplasias and are found in the blood-vessels, colloid and 
epithelium. The blood-supply is increased. The stainable colloid is les 
sened. but slightly in the milder degrees, while it may be entirely absent 
in the marked degrees of hyperplasia. The epithelium changes from cuboi- 
dal to high cuboidal, and finally, to high ( olumnar. These changes are not 
so uniform throughout the gland as in primary hyperplasias. The rea- 
sons for this are simple. It means that a human thyroid rarely completes 
the evele of hyperplasia and involution without accompanving complica- 


tiens such as calcification, endarteritis, hemorrhage, lymph obstructions, 
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etc., which interfere with or modify the tissue’s activity. This is com 
monly observed in all long-standing goiters. It is well known that in all! 
goiters regeneration is most marked in the peripheral zone, and Ribbert’ 
was the first observer to point out that in the experimental regenerations 
of dogs’ thyroids following partial removal, the changes occurred earlier 
in the peripheral zone. Frequently one sees large central areas, or it may 
be but a few follicles, that fail to join in the active hyperplasia. In such 
follicles or groups of follicles the epithelium may be completely atrophied 
leaving only the hyaline stroma about the desiccated hard colloid masses. 
Thus it may be seen that there are varied histological pictures presented 
in these secondary hyperplasias, but the process is as simple and straight- 
forward as in the primary hyperplasias. 


Ill. COLLOID GLANDS (GOITER) 


The pure type of colloid gland may be defined as that anatomical 
state of the thyroid which is present when an actively hyperplastic gland 
ceases further growth and returns to the condition nearest normal 
that such a gland can assume. True colloid glands are physiologically 
normal and only anatomically abnormal. The extent of the abnormality 
depends on the size of the gland, the size of the follicles, the 
number of times the gland has undergone hyperplasia and involution 
There are all grades of the colloid glands depending on the degree of 
active hyperplasia preceding the involution. Thus, if only an hyper- 
trophy has preceded the involution it would be difficult or impossible to 
distinguish such a gland from normal. We have called such glands “nor- 
mal-colloid” in order to complete the picture of the process, although 
practically these glands would be considered as normal. The opinion is 
often expressed that colloid glands are the result of passive dilatation of 
the follicles, which in turn is due to some obstruction of the paths of exit 
for the colloid. Our experience has led us to believe that this process is 
not the common or usual mode of origin of colloid glands; it is our opin- 
ion that the process of thyroid enlargement is always initiated as an 
active hyperplasia. 

Colloid glands (goiters) are often classified as 


In pure form they have nothing in common with “degeneration,” as this 


“eystic degenerations.” 


term is ordinarily used in pathology. They are properly classified as 
involutions or physiological atrophies, since they are capable of al! the 
biological reactions of the normal gland so far as these are at present 
known. In man pure types of colloid gland (goiter) are rarely available, 
for several reasons, among which may be mentioned the longer life-history, 
treatment, trauma, etc. Colloid glands (goiters) may be produced 


experimentally in from two to three weeks by giving smal] doses of iodin 


7. Ribbert: Virchow’s Arch. f. path. Anat., 1889, exvii, 151. 
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to animals with active hype rplasias. Their spontaneous production, whil 
tending to take place in all active hyperplasias, extends over months o1 
vears, depending on age, sex, locality, treatment, etc. 

Pure colloid glands (goiters) are not essentially different, anatomi 
ally, in any animal thus far studied, from fish to man. They differ essen- 
tially from normal glands in all these animals only in size (although as 
has been pointed out this mav not be a means of differentiation), and in 


showing the vestiges of previous hyperplasia. The prominence of thes 


vestiges in any given specimen depends on the degree and duration of t 


leneth of time since the involutior 


preceding hyperplasia and th 


occurred. They are most evident in the quickly induced involutions from 


marked hyperplasias. These changes are to be found in the size and 
shape of the follicles, in the presence of sprig-like projections into the 
follicles in the more recent involutions, in the blood and lymph-vessels, 
and in the capsule and stroma. The epithelium is normal (cuboidal). Thy 
stroma is increased, although there are exceptions to this statement 
depending on the extent of the fibrosis occurring during the stage o! 
active hyperplasia and the extent of its absorption, which normally occurs 
during the process of involution. The thickened thyroid capsule is lik 
wise an inheritance from the preceding hyperplasia. The arterial walls 


are always thickened and tortuous, and histologically show an obliterating 


endarteritis similar to that seen in the involuting uterus or thymus. Cal- 
cification is verv common in these thickened walls and even the vein walls 
may ontain ealeareous deposits. The most striking GTOSS change in the 


veins and lymph-trunks is the great lessening in their caliber. This is 


associated with some thickening of their walls. The stainable colloid. 
like the epithelium, is normal! in appearance and distribution in the fo 

licles. The follicles are in general much larger than in normal glands. 
but their size depends on the degree of active hyperplasia preceding thi 
involution and perhaps on other minor factors as duration of the process 
of involution, mechanical obstruction, ete. 

Briefly summing up the discussion of the three divisions of normal, 
actively hyperplastic and colloid glands, we have attempted to emphasiz 
their relative importance, their sequential relations and their anatomical! 
characteristics. We have pointed out that the difficulties to be overcom: 
in reducing these changes to three major divisions arise from the fact 
that several types of morphological changes are frequently combined in 
the same gland. The physiological processes which start these changes 
are comparatively simple, and by using them as guides one can avoid 
the confusion which has arisen from attaching separate names to ea 


histological variation, irrespective of its relative importance. 
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REGENERATION 


ENHARI 


The thvroid ls are well endowed th the power crowt 
division. It is one of the best adapted of mammalian tissues for the dem- 
onstration of physiological cell growth and division Halst vas the 
irst to demonstrate clearly this marked characteristic of the thvroid 
the dog and since then it has been found true for a nimals examined 
Regeneration follows partial removal or partial destruction of the gland 
from any cause No sharp line separation can be made betwe ( 
spontaneous active hyperplasia (goiter) and regeneration either anat 
ally or physiologically. Bot ire issn ited wit oTowt and aivisiol 
of the cells and we believe both are compensatory processes. If anv differ 
entiation were possible it would be to restrict the term “regeneration” to 
the cell srowth following partial removal o partial destruction of the 
gland. Some observers have stated it regeneration ceases when the 
sland reaches its normal volume, but this is of little aid, since the amount 
if thyroid normally needed by the organ cannot be measured ¢ n 
tatively for the reason that the smallest m r roid cells canpab 
of performing the thyroid functions und iworable conditions of envy 
onment and nutrition is so small as compared t] e deg of thvroid 

proliferation that may occur under unfavorable conditions of environme 
r nutrition. In other words e al nt of thvroid den s on tl 
ivsiological requirements minimal, and these 1 e alter 
iniety of means. 

The histological characteristics o egeneration are ident ’ 

se described under Hvyperplas | roces 3 init d as 
enlargement of the existing cells from the normal cuboidal to colum: 
As cell division takes place, infoldings and p tions the lining « 
thelium oceur. “There is a disappearance of thi Nloid and the blood 


Under normal and constant environment. cell 


j supply increases. 

. eases when the physiological balance is attained. and then the hvperplas 
q tic tissue slowly returns to the colloid or quiescent state. Normal eland 
i 

: 

: 

i 

: 


rowth 


vrowth occurs without 


any 


ean be ck monstrated expe 


ire, as 


ithe r regeneration Ol “Do 





of changes occur. 


rapidity of the ation depends on the known 








: factors of age, the amount of gland removed, the iodin content, and most 
ertainly on other factors probably of the nature of chemical coordination 
with which we are not as vet familiar. 

Summing up. it mav be stated that enera 1 is compensatory 
ind ré parative process which is identical anatomically and obabl 
logically as well. with the spontaneous a isias (golte ) ™~ 

8. Halsted: Johns Hopkins Hosp. Rep., 1896 73 
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tion of regeneration from spontaneous hyperplasia in the light of ow 
present knowledge is impossible and unjustified for reasons other than 


completeness, convenience and clearness of description. 


V. ATROPHIES 


1. Senile Atrophy 

The thyroid is physiologically active throughout the life of the organ- 
ism. This activity is most pronounced during youth and early adult life 
and gradually lessens with age. The senile thyroid is reduced in size— 
sometimes by half its original volume. This reduction in volume is due 
mainly to the epithelial and colloid losses. The gland is firmer to the 
touch. The vessels undergo sclerosis, which is frequently accompanied 
by calcification. The stroma is relatively prominent. The follicles are 
smaller and more irregular in size. The epithelial cells are less uniform 
in size and shape. Desquamation is the rule. The nuclei lose their uni- 
form, rounded, vesicular form and become irregular in size, shape and 
staining intensity. These changes are commonly associated with other 
secondary changes, as scar formation, pigment of hemorrhagic origin both 
in the stroma and in the colloid, small cysts often containing cholesterin, 
calcification, etc., indicating the wide range of physiological activity and 
the complicated life-history. 

2. Colloid Glands 

Mention may be made of colloid glands (goiters) since they are 
slightly related to the atrophies. Their relation to atrophy lies in the 
fact that they represent the quiescent state following a period of hyper- 
activity, but as this atrophy ceases when the stage of normal activity is 
reached such a process is better designated as “involution.” 


8. Atrophies From Disease 
Mild degrees of atrophy of the senile type are sometimes seen in cer- 
tain chronic wasting diseases, as tuberculosis in particular, also in maras- 


mus, diabetes, cancer, etc. 


4. Premature Atrophies 

A. Often in cases of young obese individuals and practically con- 
stantly in the special form of obesity described by Dercum, one finds well- 
marked atrophic changes of the myxedema type. It is a widely held 
opinion that there is a definite relationship between the thyroid atrophy 
and the clinical symptom-complex. 

B. The atrophy seen in endemic cretinism and myxedema is a special 
form, in that it occurs in association with or supervenes on active hyper- 
plasia of the gland. In other words, it is a form of atrophy occurring 
despite the attempts of the gland cells to regenerate, and is best regarded 
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as the result of sustained thyroid activity without intervening periods of 
physiological rest. Whether these changes result from some toxin acting 
directly on the cells, or whether it is an exhaustion from overwork conse- 
quent on a lack or deficiency of some element of nutrition needed by the 
organism, is not established, although the evidence favors the latter view. 
Thus in cretin pups we have been able to cause the atypical columnar 
thyroid cells to return to a cuboidal form with the accumulation of col- 
loid in the follicles, by the administration of small doses of iodin, and 
later, by partial removal, to cause these cells to grow and divide regularly. 
Seventy-five per cent. of all cretins have clinically enlarged thyroids, 
and, if careful anatomical examinations could be made before the clinical 
manifestations of cretinism supervened, there can be little doubt that a 
well-marked active hyperplasia would be found in all cases in which thyroid 
tissue was present. It would thus seem that the same nutritional defi- 
ciency or disturbance which causes the thyroid cells at first to grow and 
divide, later causes their death when their work and growth energy is 
exhausted. This process is more evident in myxedema, in which the age 
of the individual allows earlier detection through more careful observa- 
tions during the early or developmenta] stage. Thus exophthalmic goiter 
is the most frequent forerunner of myxedema in adults and doubtless, as 
Ord® has pointed out, all cases of myxedema are preceded by an active 
thyroid hyperplasia with or without the symptom-complex of exophthal- 
mic goiter. Again, it appears certain that the same deficiency which 
causes the thyroid to react with cell proliferation will, if unrelieved, 
finally induce the death of these cells from exhaustion. Just as there is 
anatomical overlapping, so to speak, between hyperplasia and atrophy, so 
also there is clinical overlapping. Thus the exophthalmic goiter symp- 
tom-complex frequently coexists with the myxedema symptom-complex. 
The anatomical changes in cretinism and myxedema are similar. Tak- 
ing a typical case of myxedema following exophthalmic goiter, the ana- 
tomical changes are briefly as follows: there is usually a history of the 
gland becoming smaller and perhaps somewhat firmer to the touch. It 
is still very vascular. The colloid is practically absent. The epithelial 
cells have lost their regular and uniform columnar type characteristic of 
the early stage of active hyperplasia and are irregular in size and shape. 
There is perhaps some piling up of the epithelial cells and desquamation 
of the partially degenerated cells. The nuclei are in general large, 
often hyperchromatic and irregular in size and outline. Nuclear fig 
ures are still observed, but the new formation of cells is not sufficient to 
offset the cell-death, and the follicles become smaller, though still pre- 
serving the infoldings of the well-developed hyperplasia. The surround- 
ing fibrous stroma is relatively, perhaps absolutely, increased, and as the 


9. Ord: Brit. Med. Jour., 1898, ii, 1473. 
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I econ maller from tl deat ol their secreting cells the fibrous 
hands appear wider. and finallv give the npearance of a ceneralized cir 
rhosis \ e nests of compressed epithelial cells with or without 
the outlines of follicles. This interstitial cirrhosis is secondary to and 
consequent on 1 death of the epithelial elements. Lymphoid foci ar 
acattered hy ul ere throughout the stroma. Milder types of thes 
nges requently seen in exophthalmie goiter’® when there is b 
tt suspicion of developing myxedema. This is the simplest 
tui the anatomical changes in the thyroid in myxedema, and thos 


he cretin thvroid are simila! Most cases, either of m\ 


el or of cretinism, in man do not present so simpie an anatomica 
ict for the reason that other processes as cyst formation, hemor! 
( nm. adenoma. groups of enlarged follicles filled witl 
t a, ¢ ma e cre iat into the sat eland. 

sum I then, the type ¢ itrophy supervening on a e hype! 

s and clinically associated with mvxedema or cretinism 1s cel 
tn « tion from overw and malnutrition The process 
ssn f t inatomical changes in such glands, especially in long- 
stat often highlv compl This type « trophy, w 
velieve. is the usual end stage of all active hyperplasias unless terminate: 


by death or recovery of the individual, and considering the total numbe1 


tit nerplasias from all causes and in all animals, it Is a rare 


In thvroid histopathology the term “degeneration” has been loosel 
used. Thus one often meets such terms as “colloid,” “hemorrhagic,” 
fibroid” or “cystic degeneration.” We believe its use should be limited 
t commonly accepted tvnes of degeneration or infiltration, such as 
ne, calcareous, amyloid, parenchymatous, fatty, ete. 
Hvyaline transformation of both t vessel-walls and the stroma 
i npanies normal senile atrophy It is espec lly seen in the stroma 


10. Mae Callum. W. G. (Jour. Am. Med. Assn., 1907, ii, 1158, 1160) has made 
specific mention of these changes in certain cases of exophthalmie goiter occur 
ring in Professor Halsted’s clinic at the Johns Hopkins Hospital but attempted 
no explanation. His description is as follows “It is in these extreme cases that 
peculiar alterations in the epithelial cells are sometimes found In several 
instances we have observed areas in which the epithelium was enormously swol 
len so as to practically obliterate the lumen of the alveolus. These large irregu 
lar cells no longer preserve the columnar form but are shapeless masses of finely 





granular protoplasm which take an intense pink stain with the eosin, and in 
which the nuclei are also irregular in form and size and stain very deeply, almost 
black, with hematoxylin. Usually one or two alveoli only show such a change in 
their epithelium; or there may be only a few cells of this form intercalated among 
others of the usual type in the alveolar wall, but sometimes over considerable 
areas all the alveoli are packed with such cells. Their significance is far from 
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of long-standing colloid goiters with marked arterial changes and in the 
interior of old fetal adenomata, giving a yellowish color to the cut su 
face. Microscopically, the stroma becomes thicker and stains homoge 
neously so that the thy roid follicles may appear as rings of epith lial cells 
embedded in a hyaline matrix with but few blood-vessels remaining and 
no recognizable basement membranes. 

Calcareous deposits are of frequent occurrence in human goiters, and 
are particularly to be seen in the capsule and stroma, vessel-walls, the 
scars of old hemorrhages, in cyst walls or in the interior of fetal adeno 
mata. The deposits may be very extensive and particularly in scar tissu 
mav take the structure of bone. Such conditions have given rise to the 
terms, “calcareous and osseous goiter.” 

Amyloid degeneration is usually observed in connection with similar 
deposits in other organs but may occur independently, particularly in 
the benign tumors. 

Cloudy swelling has not, to our knowledge, been included among the 
thyroid lesions. It has seemed to us in the examination of many glands 
from individuals dead of acute intoxications that the condition usually 
designated as “toxic reaction” is analogous to the cloudy swelling of such 
tissues as the kidney epithelium, the hepatic cells, or the muscle cells. 
The anatomical changes are hyperemia, enlargement and granulation of 
the cytoplasm of the epithelial cells with corresponding nuclear enlarge 
ment, loss of colloid substance and perhaps desquamation. In extreme 
cases the epithelial cells have ragged, granular free borders, as if under 
going disintegration. We have looked on these changes as the anatomical 
evidence of increased functional activity of the thyroid and the precursor 
of true hypertrophy and hyperplasia if the tissue is able to cope with the 
intoxication, or of thyroid atrophy if it be overwhelmed by it. (See 
“Inflammation.” ) 

All these types may be present in the same gland, while hvaline and 


calcareous changes are commonly associated. 


VII. INFLAMMATIONS: THYROIDITIS, STRUMITIS 

The infectious theorv of goiter gave origin to the view that all true 
goiters were clironic inflammatory reactions. This conclusion is based 
on the occurrence of a general increase in fibrous tissue, which, as alread) 
pointed out under “Atrophies,” may practically replace all the epithelial 
elements, and the occurrence of foci of lymphocytes and scattered smal! 
round cells in the stroma. The connective tissue increase is more ration- 
ally explained as part of the general thyroid reaction during active hyper- 
plasia and its persistence after the epithelial elements have died. The 
foci of lymphocytes are, as already suggested, the local manifestations of 


11. Stoffel: Virchows Arch. f. path. Anat., 1910, eci, 245 
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the general systemic lymphoid hyperplasia which accompanies the thy 
roid hyperplasia. Wandering cells, and sometimes plasma cells, may b« 


seen in the stroma about cysts, hemorrhagic or degenerated areas, and 
are most likely present because of the local irritation. 

True inflammatory reactions are rare. They are never primary 
Many of the so-called acute forms of thyroiditis are scarcely more than 
active hyperemias or cloudy swellings. These conditions are not infre- 
quently seen in food intoxications, drug rashes, intestinal exanthems and 
following skin burns, syphilis, etc.** 

Suppurative thyroiditis may occur in the course of puerperal infec- 
tions, ulcerative endocarditis, scarlet fever, measles, typhoid fever, influ- 
enza, pneumonia, tonsillitis, ete., and may be the result of extension from 
adjacent tissues as well as originating Within the gland. It occurs more 
frequently in thyroids which have undergone goitrous enlargement or 
which contain tumors. Injuries, as in the old iron or iodin injections, 
were frequently followed by areas of necrosis and abscess formation. In 
generalized tuberculosis the thyroid is commonly involved. Solitary or 
caseous tubercle is rare. Gummata have been reported in seventeen 


instances, according to Davis." 


VIII. TUMORS 


We are not in possession of sufficient facts to draw sharp lines between 


] 


physiological hyperplasia and regeneration on the one hand and tumor 
growth on the other. In some tissues, such as brain, cartilage, muscle, 
etc., whose capacities for regeneration are more limited, the distinction 
can usually be made with accuracy. But in tissues whose regenerative 
capacities are pronounced, as bone-marrow. lymphoid tissue, thyroid, etc... 
the distinction is difficult indeed, and in many instances impossible at 
the stage when such a distinction would be of the greatest scientific value. 

12. De Quervain (Mitt. a. d. Grenzgeb. d. Med. u. Chir., 1906, xv, 297) and 
Sarbach (ibid., 1906, xv, 213), however, include under the term “thyroiditis 
simplex” the reaction of the gland in the acute fevers. This reaction is charac 
terized anatomically by enlargement of the gland, hypertrophy of the epithelial 
cells, occasionally desquamation, disappearance of the colloid and, as Aesbacher 
(ibid., 1906, xv, 269) and others have shown, by a lessening of the iodin content 
This is the usual reaction of the gland under any increased functional demands, 
whether the result of known bacterial toxins, such as typhoid fever, or of unknown 
toxins of metabolic origin. A similar type of thyroid change is that commonly 
noted in chronic pulmonary tuberculosis (Roger and Garnier: Arch. gén. de méd., 
1900, clxxxv, 385). Early in the disease the so-called “thyroiditis simplex” or 
“toxic reaction” occurs with increased functional activity of the thyroid—often 
even to a definite goitrous enlargement and later, as the general nutrition of the 
patient fails, sclerosis and atrophy supervene. In typhoid fever a toxic reaction 
with active thyroid hyperplasia is usual. It ordinarily subsides as the patient’s 
nutrition improves, but under unfavorable conditions the hyperplasia may persist 
with manifestations of exophthalmic goiter or later of myxedema. 

13. Davis: Tr. Chicago Path. Soc., 1906-09, vi, 273. 
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The microscope is our most accurate means of differentiation, but of 
late, since effort has been concentrated on the tumor problem, its limita- 
tions have become more evident. Of the tissues in the examination of 
which we are confronted with this difficulty, the thyroid should be given 
prominent consideration. Here experience has taught us that the micro- 
scope is only an aid, and that some method to augment its value must 
be devised in order sharply to differentiate physiological hyperplasia from 
true tumor. The thyroid also illustrates the danger of applying without 
reserve criteria true for one animal or one tissue to another animal or 
another tissue. Thus the thyroid of the bony fish is not encapsulated, 
and the appearance of invasion ordinarily strongly in favor of malig- 
nancy in localized or encapsulated tissues may be highly misleading when 
applied to the fish thyroid, where any growth would give the microscop- 
ical appearance of invasion. Some biological reaction must be devised 
to supplement the anatomical observations before we can safely say that 
certain growths are true tumors. This end might best be attained by 
taking advantage of the generally held opinion that the tumor cell during 
succeeding generations loses more and more of its original physiological 
attributes, and therefore is less and less capable of physiological function 
and physiological control. Evidence is being adduced that many kinds 
of physiological activity are controlled chemically, and that if any agency 
can be isolated that either physiologically increases a tissue’s activity or 
physiologically decreases its activity, then the problem of more accurately 
defining tumor is by so much simplified. 

In the case of the thyroid one cannot be certain whether its physio- 
logical activity results from the presence or the absence of some agent 
(probably chemical), but it has long been known that iodin will lessen 
the anatomical manifestations of the thyroid’s activity, and since Bau- 
mann discovered its normal presence in chemical combination with thy- 
reoglobulin, efforts have been made to define its physiological importance. 
The results of this work have suggested the use of iodin as a means of 
determining the limits of the physiological activity of the thyroid at a 
stage when the microscope is of slight value. To what extent iodin may 
serve as a physiological test for thyroid hyperplasia cannot at present be 
stated. We have been using the iodin reaction for some years, but prog- 
ress is limited for the reason that our ordinary laboratory animals do not 
develop thyroid adenomata. Some light will doubtless be shed on the 
relation of tumor to physiological hyperplasia by utilizing the goiter 
material from artificially reared fish where goiters are so readily pro- 
duced in large numbers. 

Our observations with the iodin reaction in tumors are as yet con- 
fined to human goiter and the results will be used in the descriptions to 
follow. In general, we consider all hyperplasias as physiological which 
react with iodin in from two to six weeks. 
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nstances, additional pathological processes present, as ali wre 
ation, calcification or cyst formation. 
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Goiter, in some unknown way, favors the development of cancer just 
as it favors the development of benign tumors. Cancer developing in an 
otherwise norma] thyroid must be exceedingly rare. Reports of such 
cases are to be found in the literature, as well as reports of thyroid metas- 
tases, especially in bone or lung where no evidence of a primary growth 
in the thyroid could be found (Cohnheim). We have never observed 
thyroid cancer apart from preexisting goiter, and since the histological 
distinction between benign tumors. ordinary hyperplasias and true cancer 
is an exceedingly difficult one, we are rather inclined to believe that mis 
takes are not uncommon. 

We have seen nine cases of thyroid cancer in dogs, and were able to 
make experimental observations in two cases. We administered iodin 
and removed portions of the gland every two weeks. The cancerous 
tissues in both the thyroid lobes and the lung metastases were not mor 
phologically changed by iodin, while the original simple hype rplasia was 
changed to the colloid state. 

Human thyroid cancers may be divided anatomically into two groups 
(1) in which the growth has more of the characteristics of fetal thyroid 
and (2) in which the follicles are more differentiated as evidenced by 
their larger size and more abundant colloid.'* 

The fetal or simplex type is the more common. It may arise from a 
preexisting fetal adenoma (Die wuchernde Struma of Langhans). His- 
tologically these cancers are characterized by the general absence of col- 
loid, the tendency of the follicles to form solid and closely packed 

16. Langhans (Virchows Arch. f. path. Anat., 1907, clxxxix, 69) describes 
five forms of malignant epithelial tumors of the thyroid: (1) proliferating 
struma; (2) carcinomatous struma; (3) metastasizing colloid struma; (4) 
small alveolar, large-celled struma; (5) papilloma. Our Group 1 includes 
Langhans’ Forms 1, 2 and 4, while our Group 2 includes his Forms 3 and 5 
Langhans points out that his Form 1 (proliferating struma) is not true 
eancer for the reason that metastases occur through the  blood-stream 
Only two of Langhans’ fifteen cases had metastases. This form (prolifer 
ating struma) includes the borderline tumors and is Langhans’ largest group 
We have classed these tumors with the benign fetal adenomata unless there 
were demonstrable or very clear histological evidence of malignancy for 
the following reasons: (1) They occur in any decade of life but espe 
cially in the third and fourth decades. (2) They do not occur apart from a 
generalized hyperplasia. (3) They are always completely encapsulated masses, 
and shelling them out usually effects a cure. (4) They may be primarily soli 
tary but are frequently multiple. (5) Demonstrable metastases are rare 6 
Histologically the metastasizing tumor is not distinguishable from the non 
metastasizing tumor either in its general architecture or any irregularity of cell 
type. Langhans lays stress on the history of rapid growth, the presence of epi 
thelial tissue in the clefts of the capsule and the relation of the epithelial elements 
to the blood-vessels in determining the malignant nature of these tumors. We 
have been led to attach no very great importance to these factors, because mechan 
ical effects play a great role in determining the morphological differences and 
because age of the tumor, usually an undeterminable factor, also modifies the 
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columns of cells in which the cells are irregularly columnar and the 
arrangement of the nuclear material greatly disturbed. 

The second type sometimes called “papillary cystic cancer” is charac- 
terized anatomically by larger rounded or elongated follicles with infold- 
ings and plications, each follicle containing colloid. The epithelial cells 
may be cubical but are more often columnar. The irregularities in the 
size of the cells and their nuclei may not be prominent. 

Summing up then, we would insist on two major types of human thy- 
roid cancer, the infrequency of cancer as compared with ordinary goiter 
and benign tumors, the difficulty of histological diagnosis and, in conse 
quence, the need of other criteria in making the differentiation. 


3. Other Tumors 


Several types of sarcoma, including endothelioma, have been reported 
and, in rare instances, cases of combined carcinoma and sarcoma. Inas- 
much as these tumors are easily recognized, further discussion will be 
omitted. 

IX. COMPLICATIONS 


1. Hemorrhage 


Hemorrhages are the most frequent pathological changes in the thy- 
roid. While one occasionally sees smal] hemorrhagic areas in otherwise 
essentially normal glands, they are par excellence complications of goiters. 
They rarely occur during the developing stage of goiter but during its 
colloid phase. We have never observed long-standing human colloid 
goiters without hemorrhages. Why hemorrhages should occur during the 
colloid phase is not difficult to understand when one recalls the fact that 
the developing hyperplasia is soft, compressible and elastic, while in the 
colloid phase the gland is firmer and the follicles distended with colloid 
so that slight trauma or manipulation, or even the follicular distention, 
is sufficient to cause their stretched walls to rupture. Perhaps sudden 
rises in blood-pressure, as in violent exertions, are causal factors. Hem- 
orrhages are very common in dogs’ thyroids, and fighting or other forms 
of exertion doubtless strain the capillaries and thinned follicular walls 
to the point of rupture. 

The thyroids of all animals thus far examined are subject to hemor- 
rhages. Anatomically the hemorrhage may appear only as a reddish, 
brownish, greenish or yellowish discoloration of the colloid. Larger areas 
of hemorrhage tend to encapsulate, and the cavities contain brownish 
material, sometimes viscid from colloid admixture, while at times it is 
more fluid. In general, however, in the small hemorrhagic areas, colloid 
forms the body of the mass while the extravasated blood produces the 
discoloration. The term “hemorrhagic goiter” is commonly used to 
describe old nodular and varicolored goiters, the result of multiple small 
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s of nemorrnage We do not consider 


the term descriptive, since hemorrhage is not an essential part of goiter 
but always a secondary and complicating facto \reas of hemorrhag: 
are frequent causes of scar formation. ‘These scars make up many of 
the so-called capsular adhesions so commonly encountered in old human 
goiters, 

Owing to the normal architecture the thyroid, hemorrhage forms 
the starting-} nt for most thyroid cysts 

2 Cysts 

Son servers use the term “cyst” nelude enlarged colloid-filled 
follicles, and designate all colloid goiters as vstic goiters We be ve 
that this is wrong, first for the reason that st formation is no essential 
| irt of goite formation, and second! ecause there no ear anatom! 
cal eparation between colloid glands (2 s) and normal clands. 

True thvroid cysts are common f ti ison that hemorrhage s 
common. Thus while two or three tvpes of intrinsic evsts mav be differ 
ent ited, the are all closely related to emorrhage 

\. Cysts Dependent on Hemorrhage into Follicles: These are the 
isual thvroid sts. They vary in s from a few n meters to 6 or 8 
m. in diamete! The smaller ones |] the slightly t kened follieular 

alls as their cvst walls, while the larger cysts include in addition to th 
ollicular w portions of the gland capsule or trabeculew, together witl 
a new formation of connective tissu In such eyst walls calcification is 
frequently seen \s mentioned above, the evst contents consist of blood 
n various stages of decomposition, mixed with more or less colloid. 
Sometimes t! material is pasty, sometimes v1 cid, sometimes water 

In color the ontents vary from dark brown t ir amber vellow 
Cholesté n is equent] present mn these cysts 

B. Cysts Originating from Adenomata: In human goiter evst forma 

tion in adenomata is common, The exact mode of deve lopment of these 

sts is not cle The primary change probably is an interference wit] 
the nutrition e interior of the tumor resulting in central necrosis 
Hemorrhage the tak place, and this may extend the softening quit 
to the capsule. More often one sees in these cystic adenomata a zon 
iving tissue beneath the capsule. 

The origi capsule of the adenoma makes the cyst wall. Calcifica- 
tion of th yrous capsule is frequent. Cysts of s origin make up the 
argest cysts of the thvroid and are those usually treated surgically The 
adenomatous cin of these eysts can usua be made out from the oper 
ation specimen, sinc¢ they are frequently not shelled out as is possible, 
but are in truth amputated together with n or less of the original 
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STUDIES ON WATER-DRINKING 


V. TH EXCRETION OF CHLORIDS FOLLOWING COPIOUS WATER-DRINKING 


BETWEEN MEALS *?! 


S. A. RULON, JR., M.D., ann P. B. HAWK, Pu.D 


URBANA ILI 


Considerable investigating has been done on the influence of copious 
water ingestion on the chlorid excretion of fasting animals. The work 
of Forster? is often quoted in this connection. In one instance this 
investigator increased the urinary chlorid output from 0.175 gm. to 
0.992 gm. by causing a dog to ingest 3 liters of water on the eighth day 
of the fast. This is the most pronounced increase in the chlorid excre- 
tion yet reported as following the ingestion of large volumes of water. 
From a series of investigations on dogs in which different animals were 
subjected to the influence of external hemorrhage or to the influence of 
poisoning by phosphorus or by carbon monoxid Kast*® later came to the 
conclusion that there was a very close relationship between increased 
protein catabolism and the augmented chlorin output accompanying 
such catabolism. Inasmuch as the procedure of Kast rendered his exper- 
imental animals abnormal the results obtained therefrom cannot be con- 
sidered on a comparative basis with the data obtained from a study of the 
course of the metabolic processes of normal subjects. Heilner* in a more 
recent study of copious water-drinking failed to secure any uniform 
relationship between the increased catabolism of protein matter, as meas- 
ured by the increased output of nitrogen, and the accompanying rise in 
the chlorid excretion. In one experiment the ratio of chlorin to nitro- 
cen was 1: 16.7, whereas in a second test the ratio was 1: 6.9. Benedict+ 
has also found that the intensity of protein catabolism cannot be correctly 
judged from a consideration of the chlorin output. 


REPORT OF EXPERIMENTS 


EXPERIMENT I 


The purpose of this investigation was the study of the influence on the chlorid 
excretion of large amounts of water taken between meals. The subject of the 





* From the laboratories of physiological chemistry of the University of Illi 
nois and of the department of medicine of the University of Pennsylvania. 

1. For I, II and III of this series of studies see, respectively: Hawk: Univ. 
Penn. Med. Bull., 1905, xviii, 7; Fowler and Hawk: Jour. Exper. Med., 1910, 
xii, 388; Rulon and Hawk: Jour. Am. Chem. Soc., 1910, xxxii, 1686. 

2. Forster: Ztschr. f. Biol., 1873, ix, 364. 

3. Kast: Ztschr. f. physiol. Chem., 1888, xii, 267. 

4. Heilner: Ztschr. f. Biol., 1906, xlvii, 538. 

tBenedict: Carnegie Publication, No. 77. 
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experiment was a young man 24 years of age who was a third-year student of 
medicine. His body weight was 60.6 kg. The plan adopted was to place the 
subject on a uniform diet containing a moderate amount of water and to continue 
this diet until nitrogen equilibrium was attained. After the course of the normal 
nutrition of the equilibrium plane had been noted it was then proposed to cause 
the subject to ingest a large volume of water through a period of four days and 
to note the influence of this increased ingestion of fluid on the urinary concentra- 
tion of chlorids. Following this water period it was proposed to place the subject 
again on the original diet fed at the time nitrogen equilibrium was being attained 
in order to observe any metabolic variations which should follow the copious inges 
tion of water. The three periods of the experiment, i. e., the preliminary, water 
and final periods, were three, four and two days in length respectively. 

The meals were taken at 7:30 a. m., 12:30 p. m. and 5:30 p. m., the menu 
for each meal being 700 gm. of whole milk, 40 gm. of butter and 100 gm. of soda 
erackers. During the entire experiment 100 c.c. of water was taken with each 
meal. This water ingestion was supplemented during the preliminary and final 
periods by the ingestion of 100 c.c. additional at 10 p. m. During the water 
period, however, 400 ¢.c. of water was taken hourly from 8 a. m. to 9 p. m. and 
300 ¢.c. at 10 p. m. Moderate exercise of a uniform character was taken by the 
subject each day. 

The body weight was accurately determined each day before breakfast and 
immediately following the emptying of bladder and rectum. The urine was 
collected in twenty-four-hour samples during the first two days of the preliminary 
period and the last day of the final period. During each of the other days of the 
investigation the urine was collected in four three and one-half-hour periods 
beginning at 8 a. m. and in a fifth period ten hours in length beginning at 10 
p.m. Powdered thymol was used as urine preservative. The method of Volhard 
was used in the quantitative determination of the chlorids. 


Discussion of Data from Experiment ].--The data obtained in the 
quantitative determination of urinary chlorids in this experiment are 
given in Table 1. It will be observed that the excretion of chlorids for 
the first day of the preliminary period was equivalent to 10.66 gm. of 
sodium chlorid, this value being increased to 11.04 gm. and 10.90 gm. 
on the other days of the period. The average output of chlorids by way 
of the urine for this preliminary period was equivalent therefore to 10.87 
gm. of sodium chlorid. On the first day of the water period, however, 
when the ingestion of water was increased from 400 c.c. per day to 5,900 
c.c., the chlorid outgo was slightly increased. The excretion for this 
day aggregated 11.49 gm. expressed as sodium chlorid. The day follow- 
ing, however, that is, the second day of increased fluid intake, the urinary 
concentration of chlorids decreased somewhat from the value observed 
on the first day of the period and very nearly approached the average 
value for the preliminary period. In fact, this value for the day in 


question was practically identical with the average value for the last two 


days of the preliminary period. The excretions in question were an 
average of 10.97 gm. for the last two days of the preliminary period as 
against 10.96 gm. for the second day of the water period. Following 
this return to the normal plane the chlorids again increased on the third 
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day of copious water ingestion, as is shown by an output of 11.: 
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» om 


expressed as sodium chlorid. The excretion on the fourth and last day 
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EXPERIMENT Il 


The chlorid data discussed in this connection were obtaine 
of urines collected during an investigation already reported 
a young man 29 years old possessing a body weight of 61.5 kg. The daily 
was similar to that in Experiment I except that the hours for me: 
ent, breakfast being at 9 a. m., luncheon at 1 p. m. and dinner at 6 p 
three uniform meals each included 25 gm. of butter, 110 gm. of crackers 
oem. of whole milk. The extra volume of water ingested during each 
increased water ingestion was 4.500 e.c., one liter being taken at 11 a. m., 
3:30 p. m. and 8 p. m., and 500 ¢.c. at 10 p. m. This experiment was nit 
in length, three days being devoted to the preliminary period, two days 
vater period and four days to the final period. 


TABLE 2 CHLORID EXCRETION—EXPERIMENT II 
Urine Data 
Day Day 
if of ( Specific 
eriod Experim: ( Gravity 
1018 
of water per day) 2 ‘ of 1020 
3 } 1023 
Water (5,000 ¢.c. of water per day) = 525 1005 
1005 
Final (500 « of water per day) ; 275 1016 
1018 
1020 
1024 


Discussion of Data from Experiment II.—During the preliminar 
period of three days 400 c.c. of water above that contained in the 1.800 
c.c. of milk was daily ingested. On this diet the chlorid output was 7.9 
gm., 8.82 gm. and 7.23 gm. respectively. The average output for this 
three-day period, therefore, was 7.98 om. On the day of the increased 
water ingestion, i. e., when 4,500 c.c. of water above that normally taken 
was introduced into the body, the chlorid excretion increased to 11.55 
gm. On the following day on a similar water ingestion the chlorid 
put aggregated 10.44 gm., a value far above the preliminary level 
somewhat lower than that registered on the first day of the water pe1 
The chlorid excretion for the four days of the final period ranged 
7.34 gm. to 8.77 gm., vielding an average daily output of 7.93 gm. 
average output agrees very closely with that obtained for the prelin 
period, i. e., 7.98 gm. The data for this experiment are given in T 


5. Hawk: Loc. cit. These analyses were made by Dr. F. D. Crowl 
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EXPERIMENT III 


The data here discussed were obtained from urines collected in an experiment 


on the cryoscopic characteristics of urine following copious water ingestion.’ The 
The experimental 


experiment was similar to Experiment II, already discussed. 
preliminary, four days; water, three days; final, 


periods were divided as follows: 
character and 


The general plan of the experiment as well as the 
f the meals and the volume of extra water ingested each day of 
diet, however, 


two days 


arrangement ¢ 
the water period were similar to those in Experiment II. The 
same quantity of chlorid as the one fed in Experiment I. 


The subject of the experiment was a young man 22 years of age who was a third 


contained about the 


ve re student 
rABLE : CHLORID EXCRETION—EXVPERIMENT III 
Day Day Urine Data—— 
I vl of of Volume Chlorid 
Period Experiment c.c Content, c. 
( 1 1 1500 16.43 
. . , 2 2 1300 11.71 
Prelimir y lin of water per day) )3 3 900 10.88 
} 4 ne 11.4S 
1 qh 4100 
Water (5000 water per day) > 6 5550 
; 7 4570 
. = on 7 tacah cee 9 1150 
I i 4 water per da i a 1220 





data concerned ar 


Discussion of the Data from Experiment I11.—The 


Table 3. The data there given indicate that the chlorid output 


given in 
for the first day of the experiment (16.43 gm.) was considerably influ- 


enced by the diet ingested previous to the experimental time. This value 
2 


is therefore not taken into consideration. The remaining three days of 


the preliminary period show values of 11.71 gm., 10.88 gm. and 11.48 


gm. respectively for the urinary chlorid concentration. On the first day 


the excretion of chlorids was 


of the period of copious water-drinking 
increased to 15.58 gm., an increase of 4.22 gm. above the average daily 
output (11.36 gm.) of the preliminary interval. ‘This indicates an 


increase of over 37 per cent. in the total chlorid output. The maximum 
chlorid excretion, however, occurred on the next dav, the second of the 
water period. On this day the excretion aggregated 25.14 gm. as against 

las] 
LALLY 


15.58 gm. for the first day of the period’ and as compared with a 
average of 11.36 gm. for the preliminary period. This increase of over 
121 per cent. above the normal output and of over 61 per cent. above the 
total output for the first day of copious water ingestion is very surprising 
and far exceeds that recorded in any of our experiments on any other day 
of copious water ingestion. The third day of the water period shows a 
total of 15.64 gm. of chlorids in the urine, a value closely comparable to 


6. We are indebted to Dr. C. N. Sturtevant for specimens of these urines. 
7. Heilner (loc. cit.) in one experiment on a fasting dog made a similar 


observation when he secured an excretion of 0.44 gm. of NaCl on the first day 
of increased water ingestion and 0.572 gm. on the second day. 
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the value of 15.58 gm. secured on the first day of the water p 
During the final period the excretion for the first twenty-four-hour 
interval fell to 13.63 gm. and underwent a still further decrease to 11.21 
gm. on the second day. It will be observed that the excretion for this 


day was very nearly the same as the daily average excretion for the pre 


liminary period, thus indicating that the course of the excretion had 


returned to the normal. 


GENERAL DISCUSSION AND INTERPRETATION 


Let us first consider the data from Experiment II (see Table 2). 
In this study we have a pronounced increase in the chlorid excretion on 
the first day of copious water-drinking, with an excretion nearly as great 
on the second and last day of the water period. With the opening of the 
final period with its low water ingestion, we observe a return to the con- 
ditions which obtained during the preliminary period, when a similar 
water ration was fed. Such influence as was exerted by the water on the 
chlorid output was apparently limited to the two days in which it was 
ingested in large amount. When we consider the data from Experiment 
III as given in Table 3, we find a situation very similar to that already 
mentioned under the second experiment. We have the same preliminary 
period of fairly uniform output followed by a period of copious water 
drinking in which the chlorid output was markedly increased. The data 
from these two experiments (II and III) differ, however, in that the 
former showed the maximum output on the first day of increased water 
ingestion, whereas the maximum in the latter experiment came on the 
second day of the water period. We have here, then, two experiments on 
two different subjects and each of these experiments shows a marked 
increase in the concentration of the urinary chlorids during the period of 
copious water-drinking with a return to the normal course as soon as the 
daily ingestion of the large volume of water is discontinued. The pro- 
nounced increases in the chlorid output observed during the water periods 
of Experiments II and III we would interpret as due principally to the 
stimulation of gastric secretion through the introduction of the large 
volumes of water into the stomach. The flushing of the tissues and the 
stimulation of protein catabolism may have been contributing factors. 
(These points are further discussed later. ) 

When we turn to the data from Experiment I (Table 1), we find a 
condition rather different from the conditions existing in the experiments 
just discussed. Instead of a period of marked increase in the output of 
chlorids during the interval of copious water-drinking, we find the excre 
tion but slightly increased during this interval. After the period of 
copious water-drinking is completed, however, and a return is made to 
the low water ingestion we observe a pronounced increase in the output 
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In the third pla we may look on the increased t 
the urine of the water period as due to the fact 1 the introd 
this large volume of water into the stomach has furnished sufficient 
ulation to produce an increased outpouring of gastric juice. This excess 
hydrochloric acid, we may suppose, appears in the urine as ar 
chlorid, thus raising the chlorid content of that excretion. That wate 

es possess the stimulatory power mentioned ove has been s r 
Pawlow® and more recently by Foster and Lambert. These latter inves 
tigators furnished very convincing proof of the fact that the ent 
of water into the stomach does not dilute the gastric juice as f 
beiieved but acts as a stimulant and is followed by a more copious out- 
pouring of gastric juice possessing a higher acid concentration. We 
ave recently obtained experimental evidence in corroboration of these 

dings. When the combined evidence from these different sources is 


iken into consideration with the further fact that Walter’? has show 


that hydrochloric acid fed to dogs is excreted in the urine mainly in th 
form of ammonium chlorid, we have a very strong foundation for the 
aim that at least a portion of the increased output of chlorids observe 
during the water period of our experiment was due « ectly to the st 
ulation of the gastric secretion thro 1 the agency of the excess water 
ingested. 

It is apparent from the above discussion that rather logical argu- 
ments mav be deduced for t explanation of the increased output of 
hlorids following copious water ingestion on the basis of either of three 
listinct theories. Does the cooperation and coordination of these thre: 
factors discussed above bring about the conditions observed to surround 
the chlorid output or does the efficient force reside in one individua 
actor? It would be difficult to divorce ourselves entirelv from the beli: 
that the flushing of the tissues of a man’s body with 5 liters of 
} 





does not to some small degree, at any rate, increase the content of urinar 
chlorids. When we search the records for experimental verification of 
our belief, however, we fail to find such verification. On the other han 
we have definite and convincing experimental evidence that increased 


protein catabolism as well as an increased flow of gastric juice accom 
panies copious water ingestion.’»?° It is possible, therefore. for the 
chlorin output to be augmented from these two sources. But which of 
these two factors are we to consider the more efficient in this re gard ? 
On the basis of mathematical calculation we have shown that a veri 
smal! part of the increased output of chlorids following copious water 
drinking arose from increased protein catabolism, unless we are to accept 


‘ 








9. Pawlow: The Work of the Digestive Glands, p. 125 
10. Foster and Lambert: Jour. Exper. Med., 1908, x, 820 
11. Wills and Hawk: Unpublished data. 

12. Walter: Arch. f. exper. Path., 1877, vii, 148. 
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the theory that the major portion of the resulting nitrogen was not 
excreted in the urine. Therefore with no experimental! evidence in favor 
of the “flushing” hypothesis and with only a small part of the output 


accounted for on the basis of increased protein catabolism we must logic- 


ally turn to the stimulated gastric secretion for a solution of the prob- 
lem. Experimental evidence already mentioned has demonstrated con 
clusively that the ingestion of large volumes of water is accompanied by 
the outpouring of an increased volume of gastric juice which possesses 
a hydrochloric acid concentration higher than normal. We would, there- 
fore, interpret our data as indicating an increased chlorid output brought 
about through the fact that the unusually large volumes of water ingested 
have caused a pronounced stimulation of the gastric function. The 
excess hydrochloric acid thus produced is reabsorbed from the intestine 
and is mainly excreted in the urine as ammonium chlorid, thus increas- 
ing the chlorid concentration of the urine. It is entirely possible that 
all three factors previously mentioned (flushing of tissues, catabolism of 
protein matter, increased flow of gastric juice) are contributing forces 
in increasing the chlorin output, but we believe the major part of the 
increase is due to the increased flow of gastric juice. 

None of the theories just advanced as explanatory of the increased 
output of chlorids observed during the period of copious water ingestion, 
however, can well explain the reason for the very pronounced increase in 
the chlorid excretion on the day following the four-day period of high 
water intake of Experiment I. We cannot explain this finding on the 
basis of the tissue-flushing properties of the ingested fluid, inasmuch as 
the volume of water ingested on this day was only 400 c.c. as compared 
with an ingestion of 5,900 c.c. for each day of the water period. That 
there was no “latent period,” causing the water ingested on the last day 
of the water period to be mainly retained within the tissues and organs 
of the body until the next day and thus by means of its flushing activi- 
ties cause a pronounced increase in the chlorid output for the first day 
of the final period is also apparent. This is clearly shown by the obser- 
vation that on an ingestion of 2,100 c.c. of milk and 400 c.c. of water 
the total urine volume was only 1,025 ¢.c., or 41 per cent. of the fluid 
ingested. 

The hypothesis that the increased chlorid output was due to protein 
catabolism is not in keeping with the facts shown by the analytic data, 
as the day in question, although showing the maximum chlorin output, 
was somewhat below normal in its nitrogen excretion. Likewise, it will 
be found that the stimulatory power of the water, in causing an addi- 
tional outpouring of gastric juice and thus directly increasing the chlorid 
concentration of the urine, is also incompetent to explain the large per- 
centage increase in the chlorid output for the first day of the final period. 
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In order to accept this factor as explanatory of the observe d phenomenon, 
we must admit that a small volume of water has a more pronounced 
stimulatory action than a large volume of the fluid. Evidence adduced 
by Pawlow® and by Foster and Lambert® as well as the data from certain 
experiments made by one of us in the laboratories of the University of 
Illinois,** indicates very clearly that such a theory is untenable. How, 
then, are we to explain this increased excretion of chlorid, which is nearly 
13 per cent. above that observed during the normal period and about 9 
per cent. above the average daily output for the water period? We would 
suggest the following explanation: the absorption of the large volume 
of water from the intestine causes a temporary increase in the volume 
of blood within the vessels of the circulatory system. In order to main- 
tain this augmented volume at the proper chlorid concentration, the 
excess chlorin resulting from the stimulation of gastric secretion is util 
ized and in addition chlorids are withdrawn from the body tissues, either 
by a process of flushing or as a result of the protein catabolism induced 
by the copious water ingestion. Finally, however, the excess fluid is with- 
drawn from the blood and eliminated from the body by way of the urine. 
The withdrawal of this water causes a gradual increase in the chlorin 
content of the blood, and therefore, in order to reduce this content to the 
normal concentration, the withdrawal of the excess water is followed by 
the passage of some of this excess chlorin into the urine. 

On the basis of the above theory there would be a small increased 
output of chlorids on each day of increased water ingestion and a more 
pronounced outpouring of chlorids on the first day following the period 
of water ingestion. The large increase in the chlorin concentration of 
the urine of this day would be due to the fact that the large volume of 
water is suddenly eliminated from the diet at a time when the blood- 
vessels contain an excessive volume of blood whose chlorin concentration 
has been maintained through the utilization of gastric juice chlorin and 
the abstraction of tissue chlorids. This excess water is eliminated from 
the blood and no excess water is present to be absorbed from the intestine 
and thus maintain the conditions which were in force during the water 
period. In this dilemma the entire blood-stream transfers its burden of 
excess chlorids to the urine and the normal equilibrium is restored. The 
rate of this process would be regulated somewhat by the office exerted by 
the body tissues in furnishing water to the blood in order to proper! 
dilute the concentrated menstruum. This factor would tend to delay, 
to some degree, the passage of the blood chlorids into the urine. 

The abnormally low excretion of chlorids on the second day of the 
final period is apparently simple of explanation. Throughout the water 
period, as well as during the first day of the final period, the body has 


13. Wills and Hawk: Unpublished data. 
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P niform meals? 
Let us consider the factors tending to influence t rine flow dur 
{ different three and one-half-h« periods. We notice, in t rs 
| that the opening period of the day, i. e., from 8 a. m. to 11:30 
a. m., ¢ bits the lowest urine volume on every day of the experiment 
This vy volume no doubt results from the fact that a period of nin 
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te] s ingested. Hence the tissues absorb and retain a certain p 
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\ me of urine is low The next period, 1. ¢ m 1] i t 
. opens erefore with the tissues possessil 1 reiatiy . 
content. Under these con ns the major portion of 1 igested 
te is ¢ ted thus using a nig rine V m 7 5 d meal o 
dav « es in t early part of this period (12:50 p. m.) and th 
ne flow fo s t] nd one-half ho peri is the I a er 
ree part « extra fl ngested at that time. The third 
( the da ! 4 Dn. to ¢ pnp. ! so opens W t Tissues 
well supplied th water but tl d ns in this case differ fron 
those 1n force ¢ ng the previous period in the relative position of thi 
al wit! period In t cas mm ymes near the ¢ ‘ 
ner) d ind therefore the ex s fl s not I ted ¢ ‘ ug 
to permit any considerable portion of it being included in P ae 
rine volume. From the above discussion it must be appa it w 
ight logically expect the maximum urine flow duri ie t ul ro 
11:30 a. m. to 3 p. m. on each day of copious water ingestion. 
\n argument similar to the above may be advaneed to a nt )! 
hlorin output during the second pericd of t 1. ¢ 


? 


e maximun ( 
from 11:30 a. m. to 3 p. m. One-third of the chlorid ingested 


ood during the day is introduced into the body during the early portior 

of this period. It enters at a time when the vessels of the circulatory 

system and the tissues are water laden and are endeavoring to maintain 
: 


the blood at its normal concentration. Under these circumstances a 


a 


portion of this ingested chlorin would naturally be utilized in adjusting 
the osmotic relations between the blood and the b tissues and tl 
creater part of the excess would be eliminated from the body in the 


ELATION BETWEEN THE VOLUMES OF INGESTED AND 


1 in Experiment I, has been shown in tabular 


f 


Table 4. From an examination of the data 


table it will be seen that the daily ingestion of fluid (water and milk 


during the preliminary period was 2,500 c.c., no correction being ud 
for milk solids. On this fluid ingestion there was excreted by thx ject 
on the opening dav of the test 900 c.c. of urine, or only 36 p ent. o 


thi fluid vi me ngested, On the next two davs 0 his 


ilues rose to 53.2 


With the opening of the water period tl 


preliminary period was considerabl 
lay of this period 84.0 per cent. 

intake aggregating 8.000 c.c. followed by an outgo of 6,720 ¢.c. On the 
remaining three days of the period when similar volumes (8,000 c.c.) 
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rABL! i RELATION BETWEEN THE VOLUMES OF INGESTED AND 
EXCRETED FLUIDS 
= r = I \ Specific Gravity 
. a a °¢ 
© cd = ~ = ~ 
: =) re =< 
a ate Te = == 
> 2 5 58 ee = S 2% 
=) pom Z. xe Z. - t 
1 1 oo Th 6.0 
- 4 ov 1 ) 53.2 
1 140 1025 
2 , 1021 
I’ I 3 2500 "60 1250 54.0 1024 } 1020 
4 t60 1014 | 
5 > 1023 | 
1 720 1008 
2 1750 1003 
I mina 1 { 4 S000 1580 6720 S40 1005 1006 
4 1360 1005 | 
5 1310 1010 | 
1 GSO 1007 
2 1750 1004 
I imina 2 > ; S000 1400 ( 0 T9.0 1003 > 1005 
rT 1320 1006 
5 1170 1008 
1 720 1005 ) 
pl 1670 1004 
Ir imina 6 4 S000 1200 ‘ 0 81.6 1004 LO 
{ D3s0 1005 
D 1550 1006 | 
1 620 ) 1006 ) 
4 1800 1005 | 
Prelimina 4 7 S000 S40 0 69.1 1006 + 1006 
4 100 1005 | 
n O70 1008 
1 140 1019 
2 185 1020 
Prelimina 1 8 3 2500 170 1025 41.0 1021 1021 
4 215 1021 
5 315 1024 
Prelimina 2 9 2500 TOO 1.6 ; 1027 
were ingested the urine contained volumes equivalent to 79 per cent., 


81.6 per cent. and 69.1 per cent. of that ingested. 


each day 


was excreted than on any day of the preliminary period. 


excretion 


ingested as during the preliminary period, i. e., 


lor 


the 


final period, when the 


same 


We 


f the water period a higher percentage of the ingested water 


volume 


2 500 €.L.. 


flu 


was 


of 


id 
41 


thus see that on 


The percentage 


was 


per 


cent. for the first day and 31.6 per cent. for the second day of the period, 


the last day of the experiment. 


From a consideration of all the data on fluid ingestion and excretion 


is evident that on the days of low fluid intake a small percentage of 











the fluid ingested was excreted in the urine. On the other hand, during 


the water period when large volumes of fluid were being introduced into 
the organism a higher percentage of the ingested fluid was eliminated in 
obtained by one of us (Hawk) in 


Certain fasting studies made at the University of 


the urine. These data confirm those 


a previous experiment. 
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Illinois** as well as certain experiments reported by Benedict'* indicate 
a similar relation between the volumes of the ingested and excreted fluids. 
The specific gravity of the urine specimens ranged between 1019 and 
1027 for the preliminary and final periods and between 1005 and 1006 
for the water period. The urine was acid in reaction to litmus through- 
out the experiment. 
SUMMARY 


Three experiments are described in which the topic under investiga- 
tion was the influence of copious water-drinking between meals on the 
excretion of chlorids. The subjects were young men ranging in age from 
22 to 29 years. Each experiment was divided into three periods, a pre- 
liminary period during which nitrogen equilibrium was attained through 
the feeding of a uniform ration of low water content, a water period 
during which the uniform ration was supplemented by the drinking of 
large volumes of water between meals, and a final period in which the 
conditions of the preliminary period were in force. 

In two of the experiments there was a pronounced increase in the 
output of chlorids on the days of added water intake with a return to 
normal during the final period. This augmented excretion of chlorids 
is interpreted as indicating that the large volume of water ingested dur- 
ing this period has markedly stimulated the secretion of gastric juice. 
The excess hydrochloric acid thus passed into the intestine has been 
reabsorbed and appears, at least in part, in the urine as ammonium chlo- 
rid. The main bulk of the increase in the chlorid excretion we believe 
to have originated in this way. The flushing of the tissues and the stimu- 
lation of protein catabolism brought about by the copious water-drinking 
may have been contributing forces in causing the increased output of 
chlorids observed. 

In one experiment there was a small increase in the chlorid output 
on each of the days of increased water ingestion followed by a pro- 
nounced rise in the output on the first day following the water period. 
Neither the flushing properties of the water nor its stimulating efficiency 
as regards protein catabolism or gastric secretion offers a satisfactory 
explanation for the high chlorid concentration observed on the day follow- 
ing the period of copious water-drinking. It is evident, in the case of this 
subject, that the water period ended with the vessels of the circulatory 
system rather fully distended through the excessive water-drinking. The 
chlorid content of this large volume of blood has been maintained at the 
normal level partly through the withdrawal of tissue chlorids. As the 
period of low water ingestion opens the fluid volume within the blood- 
vessels is quickly decreased to the normal quota, and this withdrawal 


13. Howe, Mattie and Hawk: Unpublished 
14. Benedict: Carnegie Publication, No. 77. 
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THE USE OF DIGIPURATUM IN HEART-DISEAS!] 


WILLIAM F. BOOS M.D., L. H. NEWBURGH, M.D 
AND HENRY Kk. MARX, M.D 


BOSTON 


Digitalis leaf preparations from different localities show great differ 
ences in pharmacologic strength. This variation in pharmacologic efhi 


iency is due to the fact that there are a number of factors, variations 
in which will modify the amount of the active substances contained in 
the leaves. Among these factors are the soil, the gathering season, thi 
methods of collecting and drying the leaves and the methods used i 
preserving the dried product. Carefully trained apothecaries may render 
the conditions fairly constant for one localitv, but even then the leaves 
themselves are found to vary greatly from vear to year. This variation 
in strength will of course be found also in the Galenic preparations made 
from the dried leaves. 

In 1902 Fraenkel’ studied the strength of digitalis and strophanthus 
preparations obtainable in Heidelberg and the surrounding towns, that 
is, the leaf and seed preparations of pra tically one section. His materia 
consisted of samples of the tincture and infusion of digitalis and thy 


, 
? 
i 


tincture of strophanthus from six different sources. As his unit 


strength he used the minimum 


amount of each preparation which was 
necessary to produce systolic stoppage ol the heart in 100 om. of frog 
in one hour. As a result of his tests Fraenkel found that the samples 


of the infusion of digitalis varied from 100 to 275 per cent. in strengt! 
the samples of the tincture of digitalis varied from 100 to 400 per cent 
and those of the tincture of strophanthus showed variations in strengt 
of from 100 to 6,000 per cent 

What these figures mean is best shown by a table giving the tota 
weight of frog in which the maximal daily dose for the human adult, 
of the strongest and the weakest preparation respectively, will produce 


systolic standstill of the heart in one | 


ol as 

Buehrer? studied the fiuidextract of digitalis obtainable throughout 
one section of Switzerland and found the preparations to vary from 100 
to 400 per cent. He also tested the fluidextract of two successive years 
from one apothe ary and found the two preparations to show a difference 
of 200 per cent. in strength, both extracts being tested within a few days 
of their preparation. 


1. Fraenkel: Therap. d. Gegenw., 1902, iv, 106 
2. Buehrer: Corr.-Bl. f. schweiz. Aerzte, 1900, xxx, 617 
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foraL WEIGHT oF Frog IN Wuicu Maximat Dairy Dose ror THE HUMAN 
(DULT, OF STRONGEST AND WEAKEST PREPARATION RESPECTIVELY, WILL 
Propuce SysSToLic STANDSTILL OF THE HEART IN ONE Hour 





Systolic standstill of heart in 
weight of frog from 


Maximal dose for twenty-four hours weakest prep. strongest prep. 
cc gm gm. 
linet. digit 5.0 200 830 
Infus. digit 100.0 (1 gm. powd. leaves 1.450 4,000 
linet. stroph 1.5 150 10,000 













Since the German apothecary is probably the most carefully trained 
apothecary in the world, these figures represent about the best results 
obtainable under the old system of unstandardized preparations. They 
1] 
] : 


will serve to explain in a great measure the almost proverbial uncertainty 


of digitalis medication in the past. This variation in strength of digitalis 
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Chart 1—Case 1 (Hosp. No. 165,337). Man, aged 39; mitral and aortic regur- 
gitation, enlarged liver, marked brawny edema of legs, no dyspnea, mild break in 
compensation. In this and the following charts, the line of dashes represents 
the urinary output in ounces. 


preparations, particularly of the tincture, which is undoubtedly the most 






reliable Galenic preparation, makes systematic treatment with unstand- 
ardized preparations an impossibility. The physician is obliged to feel 
his way, to test the strength of his preparation on the patient him- 
self, as it were. If he is cautious his results may be negative, or at 
least unsatisfactory; if, on the other hand, the physician, relying on 
former experience, “pushes” the drug he may be suddenly confronted 
with a case of pronounced digitalis intoxication. 

The use of the pure active principles of the digitalis group makes 


exact dosage possible, and therefore many French physicians, following 








oe 














W I Boos—lI H VEWBURGH 


In German oo, digitoxin (Schmiedeberg ) 
verum, Kiliani) are used to a nited extent 
the active principles as compared with that 
discussed at the nineteenth congress for int 
1901). At this congress many prominent 
favor of the leaf extracts. They asserted that 
toxin alone could preduce the true digitalis eff 
preparations. In a recent paper by one « 

and digitoxin are discussed at some lengt 
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Chart 2 Case 2? Hosp. No. 165.545) Man, a 
broken compensation, ge neral anasarea, dry pericat 
on the pulse was prompt The first digipuratum 


diuresis; the pronounced diuresis which began « 


started by the fluidextract of apocynum and continu 


treatment. 


1 } 


phanthin is probably a better subst ( 
than either of the digitalis bodies. But stroy 
for intravenous application: it 1s not adapt 


medication. In his lectures on digitalis 


3. Roos Roston Med. and Sure. Jow 1909 
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pupils against the use of pure digitoxin, on account of the insolubility 
and the great toxicity of this drug. 

These facts all show that the need of leaf preparations of known 
strength is very great, and the introduction of physiologically standard- 
ized preparations of the tincture and fluidextract was therefore a decided 
step in advance. But these preparations are reliable only if they have 
been recently standardized, since it seems to be very difficult to render 
liquid preparations of digitalis permanent in point of pharmacologic 
strength. That is why German physicians prefer to use the powdered 


leaves, preparations of these being considered more nearly permanent. 
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compensation for six months. Had not slept in bed for two weeks. At entrance: 
cyanosis, urgent dyspnea, edema of lungs, enlarged, tender liver, massive brawny 
edema of legs and genitals, general anasarca. Blood-pressure 150 mm. Hg. Fifth 
day after entrance, striking improvement. Patient sleeping well at night without 
morphin; color good, edema very slight. 


Focke* made a special study of these leaf-powders. His experience was 
that leaf-powders, which he obtained from various reliable German drug- 
gists, deteriorated in some cases more rapidly than the fluid preparations. 
The cause of this deterioration he found to be an excessive moisture con- 


4. Focke: Therap. d. Gegenw., 1904, xlv, 250 
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tent of the powdered leaves. As a result of his tests Focke concludes that 
the deterioration in strength which occurs in the course of one year is 
proportional to the amount of moisture above 3 per cent. which is con- 
tained in the leaf-powder. Some powders which contained as much as 
8 per cent. moisture showed a loss in strength of over 60 per cent. Focke 
prepared permanent leaf-powders in the following manner: he dried the 
leaves quickly with artificial heat at a temperature just below 100 C. until 
the moisture content was below 1.5 per cent.; he then removed the thick 
stems, coarsely powdered the leaves and preserved them in air-tight tins. 
All the samples of leaf-powder prepared and preserved in this manner 


showed no diminution in strength after one year. 
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Chart 4.—Case 4. (Hosp. No. 165,693). Man aged 47. Myocardial insufficiency, 
mitral regurgitation (relative), broken compensation, edema of lungs, enlarged 
liver, edema of legs, infarct of lung involving whole right lower lobe. Marked 
general improvement and efficient diuresis with second digipuratum cure. Dis 
charged with fair compensation. 


Standardized leaf-powders prepared according tu Focke’s method 
may therefore be used for accurate dosage. There is, however, another 
factor which often renders digitalis medication difficult and at times even 
impossible, namely, the tendency of leaf preparations to produce in many 
patients gastro-enteric disturbances. Such disturbances are due, no doubt, 
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I | to thie re nee nt eaves digitonin, a constitu 
nt of t digitalis leaf which Is pha wologica a saponin, the sap 
nins ne rpoto ns eine characterized b their irritant action on the 
stro-ent ¢ tract It was with the hope « lessening this irritant action 
of digitalis that Gottin » essaved by chemical means to remove the digi- 
tonin f1 t i tract He succeeded in obtaining a product wl 
is ree not mm digitonin mut also from So per cent. of the otix 
l mctive matter wht ordimat passes into a leaf-extract. 
When Gott compared the ection oO | ites roduct with that o 
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Chart 5.—Case 5 (Hosp. No. 165,949 Woman, aged 23 Mitral stenosis 
ind regurgitation, aortic regurgitation At entrance the apex and the radial 
pulse were 50 beats apart; patient was delirious; evyanosis and dyspnea were 


marked; patie 


fell and the ur 


nt had been vomiting badly and looked as if she would die Phe 


radial pulse became synchronous on the seventh day; the pulse-rate 


ine increased. No vomiting after entrance In a week patient was 


omfortabl the ascites and the edema were rone 


toxin contained in the crude leaves. To this purified product 
the name of “digitalis depuratum,” or “digipuratum,” for 


ed digitalis extract is a vellow liquid. The active principles 


soluble 


t are insoluble in cold water and acids, but easilh 
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; in dilute alkalies, a property which insures their ready absorption 

: from the intestine. The yellow fluid is standardized physiologically and 
is then taken up with sugar of milk to form a powder. The powder 
obtained is further diluted with sugar of milk until the resulting product 
has a definite and constant pharmacologic strength. In his physiologic 
tests Gottlieb uses Rana temporaria (the German field frog), obtains 
during the months of July to October and kept in captivity as short a 
time as possible before use. His unit of strength is the minimum amount 
of the extract which in thirty minutes will cause systolic stoppage of th 
heart of a frog weighing 30 gm. This quantity Gottlieb calls a “frog 

— = = = 





RESPIRATIONS PER MINUTE i PULSE-BEATS PER MINUTE | 7 TEMPERATURE, (FAHRENHE(T'S SCALE 








; =o ee THe w [ee — . se tome 
| | ; | [2 | | | . 4 
tks Sse _ = _— tinea i oe ae Hag, 1000 66 t—ty4- | j Sncadicatall 4 
Is 4 ‘ j~ "Fo pow, S) Askited Kelpped /7TOdec. | + } | 4 t | 4 Dig. peratum teh 4 } = 
| | | -_— | we | | | 4 | 7 
et } Pa } } } | et} —j—_»_} | bal 31 
} | , | ee. i] ; | } 
tet ; f ne Z| 4 f fe ++ ja |_|} Beg 24 
+ , t | a | | a J a | = +—+—-# 11)?! Edema ascites gone! 
i i==s | | | | 
q +p om ; = +—t——}_}__} _} 4 4 _,@ jy =o } 
“i wri i i it |_| » 
1 jh pede ‘ . 
| ‘eo [| ZL it ; 
TTA | ie 
v.- ta | } = :} 




















nephritis, hypertrophy and dilatation of the heart, broken cardiac compensation, 
old syphilis. Blood-pressure 190 mm. Hg; very large ascites; extremely firm 
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! Chart 6.—Case 6 (Hosp. No. 166,029) Man, aged 44. Chronic glomerulo 


dema of legs; edema of lungs; pleural anasarca; Cheyne-Stokes respiration; 
very severe break in compensation lapping of ascites gave marked relief rhe 
early diuresis was probably due to the tapping; it cannot possibly be attributed 
to the digipuratum because only two tablets of the drug had been taken when it 





began. The digipuratum diuresis began on the fourth day of the medication 


f powders obtain 





BS ities. 


unit.” By standardizing a large number of the best le: 
able, Gottlieb found that the ordinary dose of the powdered leaves, 0.1 
gm., varied in strength in the different samples from 4 frog units to 12 


Eight frog units being the average, Gottlieb chose this strength for his 
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purified extract. Digipuratum is therefore prepared as a powder having 
the constant strength of 8 frog units to each 0.1 gm. of the powder, 
corresponding to the average strength of a single dose (0.1 gm.) of the 
crude powdered leaves. For greater convenience of dosage digipuratum 
is usually dispensed in tablet form, each tablet containing 0.1 gm. of the 
powder. These tablets have an agreeable vanilla flavor and are taken 
readily by all patients. 

The very favorable results obtained with digipuratum by Hoepfner,® 
Mueller,’ Tissot,’ Clemens* and others encouraged us to try the prepara- P 
tion in the medical services of the Massachusetts General Hospital. 
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Chart 7.—Case 7 (Hosp. No. 166,254). Man, aged 49. Chronic glomerulo- 
nephritis (blood-pressure 240 mm. Hg), hypertrophy and dilation of heart, broken ; 
cardiac compensation (rather acute, very severe break in compensation), edema 
of lungs, right hydrothorax, slight ascites, enlarged liver, marked brawny edema 
of legs, general anasarca. Venesection at entrance gave immediate relief to sub- 
jective symptoms. On the fifth day after entrance the edema of legs was practic- 
ally gone. 

5. Hoepfner: Miinchen. med. Wehnschr., 1908, lv, 1774. 

6. Mueller: Miinchen. med. Wehnschr., 1908, lv, 2651. 

7. Tissot: Folia Serol., 1909, iii, 1. 

8. Clemens: Fortschr. d. Med., 1908, xxvi, 1057. 
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In the treatment of broken cardiac compensation we gave the drug 

as suggested by the clinicians mentioned, namely, in the form of so-called 

; treatments; that is to say, we employed the ideal digitalis medication, 
i giving large doses in as short a time as possible. We were enabled in 
I this way to determine if the drug, when it is given in sufficient quantity 
; rapidly to produce its physiologic effect, is really free from the irritating 
substances which usually make similar dosage of the crude drug at 

: impossibility, and to determine if under these circumstances this drug 


exhibits a lesser tendency to produce cumulation than the crude prepara 


"Atala 


tions. We gave digipuratum as a rule in treatments of twelve tablets 


in four days; four tablets the first day, three the second day, three the 
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A third and two the fourth day (that is, 1.2 gm. or 18 grains in four days). 
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Chart 8.—Case 8 (Hosp. No. 166,451). Man, aged 36. Aortic insufficiency, 


aortic roughening, Cheyne-Stokes respiration, acutely dilated heart. Venesection 
rest, digipuratum. Discharged, with compensation, in fifteen days 





In many of the more serious cases we wer obliged. of course, to co! 


tinue the drug in doses of one or two tablets for a longer or shorter 


t 





: period. 
. In order to show in a purely objective way what the drug will do, 
: we shall report in brief (see charts and legends) eight cases taken from 
the first fifteen cases of heart disease treated at the hospital with digi- 
puratum. The cases which we reported were chosen with a view to illus- 
trating the action of digipuratum alone, as well as in combination with 
| other therapeutic measures. To make the picture more graphic we 
reproduce the charts with as little text as possible. 
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Kach of the eight cases shows interesting features. The diuresis is 


efficient in all the cases. In Case 3 the diuretin probabl played little or 
no part in producing the phenomenal urinary output. Cases 1, 2, 5 and 
8 show the marked effect of digipuratum on the pulse-rate. Case 5 is 


1? 


perhaps the most remarkable case of all. This patient was sent into the 


hospital in a moribund condition and we felt but little hope of her life. 


She reacted very quickly to digipuratum, however, und compensation 
was established in a week. The patient has been under the care of one 
of us since leaving the hospital. At first she needed two tablets of digi 
puratum daily for several months; after that the dose could be gradually 


{ 


diminished until now, after one vear, she takes on the average only four 
or five tablets a week. At times she goes a week or ten days without the 
drug. She is comfortable, looks after her household duties and makes 
many visits, although she lives up one flight of stairs. The phvsical 


signs are the same as when she left the hospital. 

In some of the cases the first digipuratum treatment gave little or 
no result, while the second was very efficient. Cases 2, 6, 7 and 8 illus- 
trate the good results which mav often be obtained by combining digi- 
puratum medication with venesection or the removal of fluid from the 
body by tapping. In Case 2 the efficient diuresis which began on the 
tenth day was due to a combination of digipuratum with the fluidextract 
of apocynum. The blood-pressure was rarely affected. There was no 
vomiting or diarrhea in any of the cases. 

Digipuratum has now been in use at the Massachusetts Genera! 
Hospital for over a year and more than 180 cases of primary heart dis- 
ease or secondary cardiac involvement have been treated with it. The 
effect on the urinary output has been very prompt in most instances. 
There was not a single case of vomiting or diarrhea: in fact, the vomit- 
ing of a number of cardiac patients at entrance was promptly stopped 
by digipuratum. Cumulative poisoning has never been observed. One 
of the early patients, a boy of 16, was given 106 tablets in six weeks: 
at no time was there any suggestion of digitalis poisoning. In one or 
two instances the house officers were made uneasy by sudden drops 
of forty or more beats in the pulse-rate, but no disagreeable consequences 
followed in anv case. It must be borne in mind, hewever, that digi- 
puratum is a digitalis preparation, and that as such it must necessarily 
have a tendency to produce poisoning by cumulation. In the case of 
digipuratum this tendency is merely much diminished, so that it is pos- 
sible by means of this drug to push digitalis therapy im a manner hereto- 
fore unknown. 

374 Marlboro Street—Massachusetts General Hospital 








\ CASE OF STRONGYLOIDES INTESTINALIS WITH LARY.1 
IN THE SPUTUM 


JOHN G. GAGI M.D 


NEW ORLEANS 

Although infe Ol th Stronqy . . eans 
nceommon in e Sout itients wil rv i stools bell ( it 
observed by physicians, nevertheless the number of reported Cases Is not 
arge and is not a tr nae he prevalence of tie sease | s 
rrobably « thie wt that t s parasite Is ‘ sider miess 

1 In the case ere reported = the larva e «( vered st I Lie 

{ sputum. ‘The patient ente red the hospital with a diagnosis of pneu 
monia. His temperature promptly dropped to no nal but, because s 
general condition did not improve al eca ( mpalre resonance 
and later expectoration, tuberculosis was spected an s sputum exa 
ined. 

|] saw the first irvie W e examining ire : I ! thought 
thie might be a contamination of some sort, because the patient had 

ted that da and the sputu contained tood part es and 1 
it. on the following dav, Dr. Dock found them in a fresh bit of spi 
just coughed up b the patient lres Sput 1 eXamined st 
dailv during the patient’s stay in the hospit ind on ( sear rvar 
7 uld alwavs be found, so the idea that the larvae came fron elsewhere 
an the respiratory tract was abandoned. 

They were slender worms, measuring 0.43 mm, to 0.45 mm. In 
length by 0.02 mm. in breadth, and having a long cvlindrical esopha 
cus which occupied nearly all the anteriol a of the worn The idea 
that they were hookworn arvie Was ruled out at once, and, after i short 
search through the books, it was decided the were some variety of 
strongvloid, and as such they were re ported b Dr. Dock before the 
Orleans Parish Medica! Society Later, after the had been studied in 
connection with the larve obtained by incubating the stools, they were 

| identified as the filariforn larve of Stronqy oides intestinalis The lar- 
° 


ve in the sputum did not have the characteristic serpentine motion o 


filariform larve. their movements consisting of coiling and uncol 
This was probably due to the tenacity of the sputum and the pressure of 
ean 


the cover-glass. I saw one or two larve in which the sexual anlage was 


hyiit 


present, which would point to their being but a few hours o 





*From the Medical Clinic of Dr. George Dock and the Charity Hospital, 
New Orleans 











THE ARCHIVES OF INTERNAL MEDICINE 


Examination of the stools showed enormous numbers of larve, iden- 
tified as the rhabditiform larve of the Strongyloides intestinalis. 

Nematodes and their larve are described as occurring in various parts 
of the body of man and animals. Braun' speaks of instances in which 
they have been found in the skin, heart, blood, eye, urethra, subcuta- 
neous tumors, and bronchial Ivmph-glands. Richard,? in discussing 


Siler’s paper on uncinariasis, mentions a patient with chronic bronchitis 


whose sputum contained hookworm larve. 


REPORT OF CASES 


History.—The patient, H. G., white man, age 48, a painter by occupation, 
entered Charity Hospital Oct. 16, 1909, complaining of chills and fever. Family 
history was negative. The patient was born in New Orleans and lived here until 
about 16 years of age, when he went to work on board a ship. He said he “fol- 
lowed the seas for four years and was all around the world”; came back to New 
Orleans and had not been out of the city since. He used tobacco and was a heavy 
drinker. He had worked at his trade as a painter for twenty years. 
He said that he had always eaten all the green vegetables he cared for 
and drank “all kinds of water and whenever I can get it.” He had had the usual 
diseases of childhood; had malaria when young. He never had scarlet fever, 
typhoid fever or diphtheria. He denied venereal disease; had always been 
healthy. He said that he had not lost a day’s work because of illness in thirty 
years. He had been feeling ill for a week or ten days and, two or three days 
before coming to the hospital was taken with a chill while on his way to work 
and felt so miserable that he went home. A physician was called who told him he 
had “typhoid-pneumonia” and advised him to enter the hospital. He entered at 
the crisis of a lobar pneumonia involving both upper lobes. 

The signs rapidly cleared and, November 22, there was merely slight dulness 
above, with dull tympany below, feeble breath sounds, piping rAles, and, on cough, 
abundant moist rales. At the right base crackling persisted. The patient was 
emaciated, with harsh, dry skin and muddy complexion. 

Laboratory Findings.—Sputum: About 5 ¢.c.; pale yellow; mucopurulent; 
tenacious; blood-streaked in places; slightly fetid odor. No tubercle bacilli: 
many large cocci and short thick rods. No elastic tissue. One imperfect spiral. 
Many food particles and much detritus from mouth. Fifteen or twenty larve 
were seen. 

Blood: Red cells 3,020,000. White cells 13,300. Hemoglobin 70 per cent. 
(Tallqvist). Differential count, 500 cells counted: Small lymphocytes 13.2 per 
cent.; large lymphocytes 2.0 per cent.; transitionals 1.4 per cent.; polymorpho 
nuclears 79.8 per cent.; eosinophils 3.2 per cent.; mast cells 0.4 per cent. Few 
microcytes, no macrocytes, few poikilocytes. No nucleated red cells. 

Urine: Turbidity marked. Specific gravity 1013. Reaction alkaline. Color 
pale yellow. With heat and nitric acid, very small precipitate. With acetic 
and potassium ferrocyanid, slight precipitate. Fehling’s test no reduction. Foam 
white. Sediment large. Large amount of pus. No larve. 

Stool: Small light brown, semisolid. Odor fecal. Enormous numbers of 
larve. No flagellates, no amebas. One trichocephalus egg. One Charcot crystal. 

Course of Disease.—Three times during the patient’s stay in the hospital I 
found eggs in the fresh stool. On two occasions the egg contained dead embryos, 
once well preserved, the other time brown, granular and badly disintegrated. 

1. Braun: Animal Parasites of Man, 1899. 

2. Richard: Post-Grad., 1909, xxiv, 475. 
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None of the « 
have been mistaken for hookworm eggs. 


‘ggs seen in the stools was in segmentation nor were they likely to 

Because of the weakened condition of the patient, and in view of the fact that 
nearly every one agrees that it is useless to try to get rid of the worm 1 the 
intestine, our patient received no anthelmintic. 

When he entered the hospital he had fever of 101-105 F., which lasted about 
two days, after which time he was afebrile during his stay, with the exception 
of two slight flurries, each lasting about a day, the temperature rising to 101 
on one occasion and to 100 on the othe 

At first the patient had no cough and no sputum, but later a slight cough 
developed with scarcely any sputum, so that it was difficult to get any for 
examination, but finally a specimen was obtained in which larve were found 
At first the sputum had somewhat the appearance of material from bronchie« 
tatic cavities, but had not the foul odor. Later the sputum became more abundant 
and bronchitic in character. While the sputum was scanty the larve were fairly 
abundant, several could be found in looking over a few low-power fields, but as 
the sputum became more copious a longer search was required; sometimes one 
had to look over as much as 5 c.c. before one larva could be found But one 
could always find them after a long enough search. 

As Teissier has reported filariform larve in the circulating blood, large 
amounts of this patient’s blood were examined, but no larve were found 

The patient’s appetite was very poor and he ate scarcely anything, but pre 
vious to this illness he had always been a hearty eater After he had been in 
the hospital about three weeks he had attacks of vomiting for three or four days 
apparently without much nausea. After this time he would take no nourishment 
except a small amount of tea or soup and a few crackers 

After he had been in the hospital about one week he developed a diarrhea, 
passing from ten to twelve stools in the twenty-four hours. The diarrhea was 
most marked in the early morning hours, when he would pass seven or eight 
stools between 4 and 6 a. m. This lasted but a few davs and then for a week or 
ten days he was free from diarrhea, with but one or two soft stools per day 
During the rest of his stay in the hospital, periods of diarrhea occurred about 
every two weeks. The stools were always soft and when the patient had diarrhea 
they were thin but never dysenteric in character 

He had one other symptom which is common in infection with Strongyloides 
intestinalis, namely, the desire to go to stool was very urgent, and he had to 
defecate at once, even when the stool was of normal consistency. He said that 
he had never been troubled with diarrhea, but after drinking bouts his stools 
were more numerous and thinner than usual. This never lasted longer than one 
day. He had noticed this for the last four vears 

‘The patient was personally very filthy, and the sheets were always wet and 
smeared with feces. The skin over his back and buttocks was red and irritated, 
and a bed-sore developed over the sacrum 


} 


The patient grew weaker, his cough worse and sputum more abundant } 


ane 
although during the last few days he complained of some shortness of breath, 
he had no fever and examination of his chest showed nothing other than signs 


Oo 


foal 


a diffuse bronchitis. 
He died Dec. 17, 1909, after having been in the hospital two months 
The histological findings in this case are recorded in a paper read before the 
meeting of the American Pathologists and Bacteriologists at Washington.t Briefly 
the findings were as follows: 

Macroscopic Post-Mortem Examination.—There was catarrhal inflammation 
and superficial ulceration of the small intestines Mucus from the duodenum 


contained large numbers of adult worms, active rhabditiform larve and eggs in all 


+Gage: Jour. Med. Research, 1910, xxiii, 177. 
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stages of development The egys, while numerous, were few in proportion to 
the number of larva There were many larve, a few eggs, but no adult worms in 
the n is from about the middle of the ileum There were numerous areas of 
fres ronchopneumonia throughout the lower lobes of both lungs Sputum 
taken f n the trachea and bronchi contained a few larva The pelves of both 
kidneys were distended with pus rhe other organs were apparently negative. 
Viecroscopic Post-Mortem Examination.—Sections of the small intestine showed 
idult rms, eggs d larve in the lumen of the intestine and in Lieberkiihn’s 
vlands, as has been deseribed by many others In addition to this I found larve 
in lymph-spaces ind lvmph vessels, in the muscularis mucose#, submucosa, between 
the muscle coats and beneath the serosa 1 could find none in blood-vessels In 
the sections of lung I found one larva in an antevesicular tube, another in the 
perivascular tissue between two lobules, and a third in an air-vesicl 
I dition to the above case I have seen larve in stools from four 
tee! r persons: tour students two from Lon isiana, one trom Mis 
<sippi, and one from Tennessee) ; one patient in Charity Hospital who 
is always been a resident of Louisiana; three other patients in Charity 
Hospital and two in Touro Infirmary who left the hospitals before I had 
‘ 1 1 1 ) ’ 
in opportunit to get histories rom then - three children under the care 


of Dr. Irwin, who kindly sent me specimens of their stools, and one othe 





person ose stool was sent by a medical student to the Clinical Labora 
eX\amination The following case report was sent to me by Dr. 

\llan C. Eustis and is included by his permission : 
CASE 2 Patient, Mrs. G.. white woman, aged 41, wife of a farmer and mothe 
of six children, was a resident of Lafourche Parish until six vears ago, when she 
moved to Vermilion Parish Family history is negative She had been in good 


health all her life and never complained until July, 1907, 


when she began having 
eadaches, edema of the face and ankles, weakness and pains in the limbs and 
gradual emaciation | first saw her on Oct. 11, 1907, in consultation with Di 


(Cushman 


Eva ition This showed a flabby condition of the muscles, sunken eves 
ind considerable weakness There was no tenderness of any of the abdominal 
viscera and the heart and lungs were negative Liver and splenic dulness were 
not noticeably increased The abdominal wall was very much relaxed There 
was no history of diarrhea and the stools were normal in appearance. Pulse was 
120 and of low tension; respiration 18 per minute. ‘Temperature was normal 


and had been so from the beginning of the attack No plasmodia Hemoglobin 
illqvist Leukocytes 11.500 Red blood cells 4,625,000 The patel 


Ss) per cent 


ar reflexes were entirely absent, but there was no Romberg’s symptom or Argyll 


| 
Robertson pupil. Closer examination of the muscles of the lower limb showed the 
peroneal group of muscles absolutely non-reactive to the faradie or galvanic 
current 

Che differential blood-count at this time showed 56 per cent. eosinophils and 
this led to an examination of the stools, which at first were negative but, after 
administration of a full dose of Epsom salts, showed myriads of rhabditiform 
embryos of Strongyloides intestinalis. They were at first mistaken by me for 
trichine and a proper anthelmintic was sought. Thymol and the others having 
no clinical effect, the embryos were subjected to various solutions while under 
the microscope Among these were thymol, santonin, male-fern, calomel, quinin 
bisulphate, glycerin, liquor formaldehydi and salicylic acid. Only two had any 
effect. Liquor formaldehydi was found to kill the embryos, but had to be used in 
such strong solution that the intestinal canal would not tolerate it. Phenyl sali 
eylate (salol) was then tried with excellent results 
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When we remember that free-living nematodes abound in all soil and vege 
tables, that their eggs and larve are able to withstand a considerable degree of 
drying and that they multiply exceedingly in the course of a few days, we should 
be very loth to accept results of experiments that do not rigorously exclude the 
possibility of their presence. 

Watch-glasses are more convenient than Petri dishes, because the 
larve are kept within a smaller compass and because the sides of the 
Petri dishes prevent the examination of the edge of the medium. It is 
convenient to use a very low-power objective, which has the advantage of 
a large field and plenty of room between the objective and the stage. 
Slides 2 by 3 inches are much better than the usual 1 by 3 because more 
material can be examined and much time saved. 

The following medium, a modification of the Hiss semisolid medium, 
was suggested by Dr. Duval, and was found most suitable, because in it 
the larve can move about freely and can be followed through all stages 
of development. 

1000 ¢.c. distilled water. 

80 gm. gelatin. 

10 gm. agar. 

5 gm. beef extract. 

Boil, clear and titrate to 2 per cent acid. 

When incubated at 32 C. the sexes can usually be distinguished in 
about twelve hours and are fully developed in twenty-four hours: how- 
ever, it sometimes happens that twice that length of time is required. 
Development may be greatly retarded by a more thorough washing of the 
larve before planting them on the medium, or by incubating them at 
25 C. instead of 32 C. I was not able to hasten their development by 
incubating them at 37 C. When a large number of larve are planted 
it is often noticed that they do not all develop uniformly, that some 
have already coupled and the females contain eggs well-advanced in seg- 
mentation before others have shed their skins. Often there are a few 
which develop much more slowly and, instead of maturing in twenty- 
four hours, require forty-eight or more, often dying »yefore fully devel- 
oped. Those which survive usually develop into filariform larve. 

I noticed, in growing the larve from different cases, that the larve 
in some cases will nearly all develop into filariform larve, the proportion 
of sexual forms being about 1 to 100, and the sexual forms al! males. 
In other cases the sexual forms predominate, the proportion of filariform 
larve being 1 to 25; and in these cases there are more females than males, 
the proportion being 1 to 6 or 8. This has been noted by others and is 
discussed in Thayer’s article, but no satisfactory explanation has been 
offered. | believe that it is possible to determine into which of these 
groups a given case will fall, by careful examination of the larve in the 


stool. In those which develop into sexual forms the sexual anlage is 
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more prominent; it appears larger, more hyaline and refractive, and is 
easily seen with a low power objective. In those which develop into 
filariform larve the sexual anlage appears somewhat smaller, less refrac 
tive, and more difficult to see, often a high-power objective being required 


to find it. 


I have followed Thavyer* very closely in describing the rhabditiform 
and filariform larve, because his description is excellent. 
Rhabditiform Larva.—In the fresh stools these measure all the way 


from 0.225 to 0.45 mm. in length, by 0.02 to 0.03 mm. in breadth. The 
worm diminishes slightly in size toward the head and gradually tapers 
down to a sharp-pointed tail. The periphery is somewhat refractile, 
while within, the substance is filled with glistening, refractive, fat-like 
granules which are much larger toward the head than toward the tail. 
The mouth of the worm appears, as far as it can be made out, to consist 
of a simple funnel-shaped depression. The esophagus, between one-third 


1 fa 


and one-fourth the length of the worm, shows a long bulb-like enlarge- 


ment at the head, followed by a constriction, which is succeeded by a 
second round or ovoid enlargement, in the middle of which is a triangu 
lar opening; the outlines of this opening are glistening and refractive, 
indicating clearly the tridentate, chitinous armature described by other 


f 


observers. The outlines of the cells bordering the digestive tract, of 





which in some instances a slight suggestion can be made out, are as a 
rule entirely hidden by the glistening granules above mentioned. The 
anal outlet is situated at a distance equaling about one-tenth the length 
of the worm from the tip of the tail. The anterior lip of the anal outlet 
is slightly raised. A little below the middle of the worm, on the same 
side as the anal opening, is a small clear elliptical area, the rudiment of 
the sexual apparatus. The worms manifest a very active serpentine 
motion and, in many, repeated and violent muscular contractions of the 
esophagus are observed ; these are especially marked about the tridentate 
opening, which appears to open and shut with considerable force. 
Filariform Larve.—These are longer and more delicate in structure, 
measuring 0.4 to 0.55 mm. in length, and from 0.016 to 0.022 mm. in 
breadth. The distinct esophageal enlargements are lost and all trace of 
the rudiment of the sexual gland has disappeared. Though the parasite 


is more delicate as a whole than the younger embryo, the tail is blunter 


and more truncated. They are more active, showing most striking ser- 


nentine movements. 


I have noticed that when larve from a case in which filariform larve 


predominate are planted, they collect at the edge of the medium in ten 
to twelve hours and one often sees writhing masses of from ten to thirty 
, 


or more Even in this short time the sexual anlage has disappeared, one 


4. Thayer: Jour. Exper. Med., 1901, vi, 75 
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s sel nd never in a developed filar m larva. Braun’s 
pictu ( ‘ iriform larvae shows the sexual anlage it there is no 
rele t t in the original art ( The larve remain at the edge until 
the do in from twenty to twenty-four hours, after 
\ t re ound a throu the mediul Probably the eollect at 
t edu because the mee s firmer there md the I skit Ss are 
! f a These il ire 1 ( mor active than the sexual 
forms al re not often seen lying quiet until they are several days old 
Whe na drop of water under a cover-glass their movements are 
iu \ ent and in a short time the worms are to be found at thx 
extreme edge I have never been able to observe them feeding. They 
are more resistant, live longer, and grow under conditions which would 
bye nfavorable to the development of the sexual forms. On only one 


occasion were they found in the fresh stool and then but three were seen. 


~ and 1¢ 


Free-Lit gq Adult Females The females are longer than the males: their 
bodies also taper more in the posterior portion They measure generally from 
I mm, to 1.4 mm. in length, and from 0.05 mm, to 0.075 mm. in breadth In the 
ulult free-living generation the esophagus has the same form as that of the 


larvae, except that it shows a relatively smaller increase in length, measuring now 


about 0.16 mm Of the three portions of the esophagus the bucealie is the 
longest It measures 99 microns and represents in consequence a little more 
than half of the entire apparatus rhe cephalic extremity is rounded and pierced 


by the mouth, about which, on careful examination, three 


wr four papille can be 
made out. Next to the mouth comes a vestibule, which for a short length presents 
a gradual enlargement. It is much better developed than in the larve, and enters 


the anterior extremity of the esophagus, which juts from its interior in the form 


of a smooth cone. This part of the esophagus is continuous with the bulbous o1 


termina! 


portion, which encloses an apparatus for trituration consisting of three 
chitinous teet The intestine of the female is somewhat longer than that of 
the male. It ends, as in the larve, in a papilla at the right side of the body at 
the base of the tail and often protrudes a little. In the females the posterior 
extremity of the body stretches itself out into a tapering, thin, fine tail, often 


lightly coiled into a spiral \ little below the middle of the body and on the 
right side is the vulval opening, marked by a slight contraction and giving access 
to a double uterus, the horns of which extend, the one anteriorly, the other 
posterior] Each of these ends in an ovary The eggs measure 70 by 45 microns 
They are elliptical; the shell is delicate and the vitellus contains a few granules 
The eggs are often more or less segmented when laid. Indeed, not infrequently 


they hatch in the body of the adult, and one can then see the embrvos moving 


within the body of the mothe As a rule, hatching is completed in twenty-four 
hours \t first the worms are thin, the tails are tapering, and the bulbous swell 
ing of the esophagus and the chitinous teeth are apparent. They soon change 
and pass from the rhabditiform to the strongyloid stage.” 
tet) nf at , 17 P 
| " hservations I never saw the tail of the female coiled into a 
spiral, as described above. After coupling, eggs appear first at the vulva 
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Fig. 3 Larva in a Ivwmph-vessel in the muscularis mucoswe of a valvula con 





Fi. 4 Larva in a large Iwmph-vessel deep in the submucosa, close to the 
ym | 


inner cireular muscular lave 
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Fig. 5 Larva just inside outer longitudinal muscular coat of the duodenum 











Fig. 6 a a. « oO places, in an itevesict r tube of the ing lhe 


flammatory exudate 
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and develop rapidly in both directions until there are sometimes as many 
as twenty-six, closely packed and lying transversely, which is quite dif 
ferent from the arrangement of the eggs in the body of the parasitic 
mother worm in the intestine. Those nearest the vulva are most devel- 
oped and often contain embryos, and one can trace al! stages of segmen 
tation as either extremity is approached. The eggs when laid usually 
contain embryos. Unfertilized eggs segment to the mulberry-mass stage 


but no further. The females produce but one batch of eggs and I have 


never seen them couple the second time. 


Free-Living Adult Males.—“The males are shorter and thinner than the females 
measuring from about 0.75 to 1 mm. long by 0.04 to 0.06 mm. wide. The esopha 
gus is a little shorter than in the female. The caudal extremity measures about 
70 microns; it tapers quickly and is curved on itself in a manner quite different 
from the spiral coils in the tail of the female. Just at the base of the tail one 
ean readily distinguish two cone-shaped and curved spicules, which represent the 
copulatory organ.” 


Cline describes a long gland made up of globules which is situated 
in the posterior third of the male and terminates at the base of the tail 
I have often seen this; the globules appear to be small granular cells, 


larger and more granular at the posterior end. The gland extends 


through the middle third of the worm, but at this place is hard to see, 
and is sometimes indistinct. I have often seen the worm rupture at th 
base of the tail and the gland cells flow out. This is most often observed 
1 


eS 


in old males. Between the posterior end of the gland and the spicu 
are two clear oval cavities. When placed under a cover-glass the males 
are sometimes seen to protrude and retract the spicules, one at a time 
This occurs just before they die. On the tip of the tail is a delicate 
flagellum which is 30 to 40 microns long, 5 microns broad at the base and 
tapers to a fine point. This is easily seen when the worms are in the 
vellowish semisolid medium but, when placed in water, it is very easily 
overlooked. I have never seen this described, nor have I seen it repre- 
sented in drawings. 

Both sexes shed their skins and couple in from twenty to twenty-four 
hours. When about to couple the female lies quiet except for a movement 
of the head and a rapid rhythmic contraction of the second bulb of the 
esophagus. The male crawls around the female five or ten minutes before 
grasping her, stopping often and coiling his tail. He then coils the pos 
terior half of the body around the female, so that the body of the mal 
lies in a plane at right angles to the body of the female. Often two and 
sometimes three males are coiled around the female at the same time. 
After coiling his tail loosely around the female near the head the male 
begins to move around and around, feeling with the spi ules while the 


female crawls slowly through the loop until the vulva is reached, when 


the coils tighten and the spicules are pressed in. The female does not 
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struggle to get away as described by Perroncito,® who says, “She makes 
an effort as if to disengage herself.” The worms remain in this position 
from three and one-half to five minutes; then the male uncoils and lies 
quiet for five to seven minutes and the female crawls away. Again my 
observations disagree with Perroncito who says, “The act has a short 
duration of from forty to fifty seconds.” I have seen copulation many 
times and the time required for it was never less than three minutes. 
After a female has coupled she is not again approached. 

In twenty-four hours after coupling the young larve are found free 
in the medium. These have an esophagus with a double dilatation, an 
oval sexual anlage—in fact, the same structure as in the larve found in 
the stools. This generation always died, so I was unable to watch its 
further development. 

The larve feed on the bacteria or their products and not on the 
medium. When transferred to fresh medium they remain among the 
bacteria transferred with them and move away from the point of inocu- 
lation as the bacterial growth spreads. While feeding, the worms lie 
quiet, except the anterior end, which is in constant motion. The second 
dilatation of the esophagus shows strong rhythmic contractions which 
extend forward to the mouth and the entire esophagus moves up and 
down within the worm with each contraction. When the bacterial growth 
becomes too profuse, the worms die, if not transferred to fresh medium. 
By transferring them every day or every second day I have been able to 
keep the females alive four to six days after reaching maturity, but the 
males lived only half as long. 


PREVALENCE AND DISTRIBUTION 


Baetjer,’ in a recent article, expresses the opinion that strongyloides 
infection is apparently quite uncommon in this country; but I agree with 
Stiles, who believes that it is common, especially in the Southern States. 
Baetjer found but fourteen cases reported in the United States which, 
with his case and six others in the Johns Hopkins hospital statistics, 
made a total of twenty-one. I find twenty-nine cases mentioned which, 
with Baetjer’s seven, Eustis’ one and my fifteen, make a total of fifty at 


the present time: Strong,® one case; Thayer,* two additional ones; Ohl- 


macher,® one: Price.® one: Moore.?® one: Brown," three: Hall,!? one: 

6. Perroncito: Quoted by Strong. 

7. Baetjer: Bull. Johns Hopkins Hosp., 1910, xxi, 118. 

8. Ohlmacher: Am. Med., 1903, v, 816. 

9. Price, Marshall Langton: Occurrence of the Strongyloides Intestinalis in 
the United States, Jour. Am. Med. Assn., 1903, xli, 651. 

10. Moore: Am. Med., 1903, v, 876. 

11. Brown: Boston Med. and Surg. Jour., 1903, exlviii, 583. 

12. Hall, J. N.: A Case of Infection by Strongyloides Intestinalis. Jour. Am. 
Med. Assn., 1907, xlviii, 1182. 
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Stiles, in discussing Price’s paper, mentions four; Moore, in discussing 
the same paper, mentions two others; Brush,’* three; Cline,’* one; 
Daland,’* one; Baetjer,” seven; Dock,’* one; Simon,” five; and Patter- 
son,{ two. The distribution of the reported cases shows that the disease 
is found in nearly every one of the southern states; and some imported 
cases are seen in the North. The disease is far more prevalent than the 
number of reported cases would lead one to believe. I examined the stools 
of 200 students of Tulane University and found 2 per cent. of them 
infected with this parasite, which may be taken to indicate the prevalence 
among apparently healthy individuals. The prevalence among sick people 
must be much greater. Statistics showing the prevalence among patients 
at the Charity Hospital are not at hand, but the men who examine the 
stools, chiefly for the hookworm eggs and amebas, find the larve so often 
that they attach little importance to their presence. Mild infections are 
easily overlooked in the ordinary examination of the stool, since examina- 
tion of several preparations is necessary. I have often noticed that, for 
several days at a time, a long search is required to find the larve in stools 
in which ordinarily they are easily found. I have also noticed, especially 
when the stools are firm, that larve are more numerous in the portion of 


the stool passed last. 


THE MANNER IN WHICH LARV® GAIN ENTRANCE TO THE BODY 


It has been proved conclusively that infection occurs both by mouth 
and through the skin. Wilms’® infected a patient by feeding the larve, 


} 
} 


and animals can be infected in this way, although this method sometimes 
fails with animals (Schliiter’*®). It has been shown by Van Durme,” 
Marzocchi,§ and Daland, that the larve penetrate the skin and that 


animals can be infected in this way, and that the penetration of the skin 


by the larvee causes a lesion similar to ground itch in man. In 1904 
Looss*? succeeded in infecting himself with Strongyloides by placing 
larve on the skin. He applied several hundred larve to the skin of his 
forearm and, on the sixty-fourth day, found the first larve in his stools; 

13. Brush: South. Med. Jour., 1908, i, 248. 

14. Cline: Post-Graduate, 1908, xxiii, 451. 

15. Daland: New York Med. Jour., 1908, Ixxxvii, 761. 

16. Dock: New York Med. Jour., 1909, xe, 53. 

17. Simon, Sidney K.: Amebic Dysentery, Jour. Am. Med. Assn., 1909, liii, 
1526. 

tPatterson, H. S.: Parasites Found in New York City, Tue Arcnives Int 
MEpD., 1908, ii, 185. 

18. Wilms: Schmidt’s Jahrb., 1897, eclvi, 272. 

19. Schliiter: Med. Klin., 1905, i, 1305 

20. Van Durme: Thompson Yates Lab. Rep., Liverpool, 1902, iv, 471 

8Marzocchi, V.: Gior. d. r. Acecad. di med. di Torino, 1907, series 4, xiii, 3 

21. Looss, A.: Compt. rend. du 6 Cong. Internat. de Zool., Berne, 1905, p. 225 
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larvae were present on all subsequent examinations, as many as two or 
three in every 4 c.mm., of the feces. His conclusions are as follows: 

For the species of the genera Ankylostoma and Strongyloides there is a pos- 
sible mode of entrance through the skin in addition to that by way of the mouth, 
by which the mature larve can make their way into their host. The larve, after 
boring into the skin, penetrate the superficial lymph-vessels or veins and are 
carried through the heart into the lungs in that way. In the lungs they pass 
from the blood-vessels into the air-tubes and finally wander through the trachea, 
larynx and esophagus to the intestines. In the lymph-glands apparently a num- 
ber of larve are kept back and rendered harmless. The larve get to their goal 
all the more easily and in larger numbers, the younger the affected individual of 
the species of host. In old hosts a larger or smaller number of larve are kept 
back in the tissues where they wander around under the skin producing the 
skin disease known as the “creeping eruption,” etc. They are able to live as long 
in the form of wandering larve as the adult worm; that is to say, about five 
years. 

It is difficult to say which is the more common mode of infection. 
The frequent occurrence of strongyloides larve in the stools of patients 
suffering from amebic dysentery might be taken to indicate that infection 
by way of the mouth is the usual one. But, since they do easily penetrate 
the skin and reach the intestines and are sometimes found in patients 
who also have hookworm disease, it seems likely that infection through 
the skin is a common, if not the usual, manner of infection, as it is 
in hookworm disease, and that some of the ground-itch in the South is 
due to the penetration of the skin by strongyloides larve. 


DURATION OF INFECTION 

It is impossible to tell accurately how long man harbors this parasite, 
but patients are known to have had larve in the stools for several years. 
From the enormous number of larve in some cases it seems that these 
patients must reinfect themselves. It has been suggested by Grassi,”* 
and later by Ward,** that the direct transformation of rhabditiform 
larve into filariform larve and then back to the parasitic mother worms 
may occur inside the intestine. The finding of three filariform larve in 
a fresh stool from one of my cases would seem to bear this out, but this 
cannot be a common occurrence, or at autopsy there would be found all 
the stages between the filariform larve and the adult worm, which is not 
the case. 

The finding of larve in the sputum in Case 1 here reported, after the 
patient had been in bed two months, indicates that he was reinfecting 
himself. Because of his personal filthiness and the irritation of the skin 
over his buttocks and back, I thought that the larve were gaining entrance 


through the skin at this place, and probably some did. However, the 


22. Grassi: Gior. di r. Accad. di med. di Torino, 1883 series 3, xxxi, 119. 
23. Ward: Reference Handbook of Medical Sciences. 





2 i Rn EN ie, 





JOHN GG. GAGE 577 


pre sence of larve in the lymph-spac es and lyn ph-ve ssels of the intestinal 


wall suggests another plausible explanation—that the larve pierce the 


intestinal walls, enter the lymph-stream, pass up the thoracie duct into 
the subclavian vein, thence through the right heart to the lungs, appear 
in the sputum and, when swallowed, develop into adu!t parasites. This 
idea is strengthened by the fact that some of the larve in the sputun 
were young, as shown by the presence of the sexual anlage. In this way 


Y 


p and the infection grows steadily worse, and, as 


a vicious circle is set 1 
the number of worms in the intestine increases, more larve penetrate 
the intestinal walls and pass over the route above described. This must 
be a slow process and extend over many years, since there were compara- 
tively few larve in the sections of the intestine and in the sputum, and 
this was a severe case as to stools. 
SYMPTOMS 


Strongyloides intestinalis was first described in cases of Cochin-China 
diarrhea and was regarded as the cause. However, this point has been 
under discussion and the reader is referred to the articles by Thaver* 
and Strong,’ in which the pathogenicity is fully discussed. Noc,** in a 
recent article, asserts that the diarrhea in Cochin-China is in reality 
amebie dysentery. Whatever the cause of the so-called Cochin-China 
diarrhea, there can be no doubt that Strongyloides intestinalis is pat} oO 
genic and is the cause of some of the diarrhea in the United States, espe 
cially in the southern states. While not all persons harboring this para- 
site have diarrhea, the proportion of those who do is large enough to 
convince physicians who see many cases that the diarrhea is due to 
Strongyloides. 

During the last six months I have seen fifteen cases, and of these. in 
thirteen there was diarrhea more or less marked. In one case in whic! 
there was no diarrhea there was a tendency to constipation, but a small 
dose of cathartic caused profuse evacuations; in the other case there were 
so few larve in the stools that none could be found by the ordinary 
method of examination and only a few by the method described by Bass.*° 
One of the thirteen with diarrhea also had amebie dysentery and so can- 


not be considered, which leaves twelve in which Stronayloides intestinalis 


was the only obvious cause. Many of these patients will deny having 
diarrhea, in fact, will say they are constipated; but further questioning 
will bring out the fact that they have periods lasting a day or two, when 
the stools are soft, unformed, even fluid, and of increased frequency 
In the interval the stools are normal or there is constipation. This has 


24. Noe: Ann. de l’Inst. Pasteur, 1909, xxiii, 177 
25. Bass, C. C.: Mild Uncinaria Infections, Tue ARcHIVES INT. Mep., 1909, 
iii, 446. 
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been my experience with the university students whose stools contained 
the larve. 

The severity of the symptoms is not always in proportion to the num- 
ber of larve present in the stools. One of my patients presenting no 
diarrhea at all had many times more larve in the stools than had others 
presenting a moderate diarrhea. 

The diarrhea is chronic and intermittent and often very suggestive 
of amebic dysentery. The attacks occur from once every few days to once 
a month, and last one or two days; in severe cases the diarrhea may be 
almost continuous. Usually there is no pain. The desire to go to stool 
is often sudden and very urgent, even when the stools are of normal 
consistency and this sometimes may amount to incontinence. As a rule 
more stools, two or three or more, depending on the severity of the symp- 
toms, are passed during the early morning hours than during the rest of 
the day. The stools are very seldom dysenteric in character, unless asso- 
ciated with amebas, and in mild cases are not even fluid. Except in 
severe cases the general condition of the patient is not greatly affected ; 
however, while none of the students harboring the parasite considered 
themselves ill, all were poorly nourished and anemic-looking individuals. 

All of my patients had a mild anemia, the hemoglobin ranging from 
70 to 90. The highest eosinophil count was 13.2 per cent., the lowest 
2.5 per cent. There is usually a mild eosinophilia, although this may be 
absent. Sometimes a marked eosinophilia is present. Eustis, in the 
report previously cited, records a case showing 56 per cent.; Baetjer’s 
case showed 45 per cent., and Daland’s case 38.2 per cent. 


TREATMENT 


Opinions differ as to the value of treatment, for while some report 
successful results, the majority report failures. Eustis, in the above 
paper, reports a cure and attributes his success in part to the soluble 
diet given. On the other hand, Cline treated a patient for several months 
and, while the number of larve diminished, they did not disappear 
entirely. His patient received the following treatment: large doses of 
thymol preceded by a twenty-four hour fast, one dose per week for six 
weeks; bismuth-beta-naphthol daily for six weeks, except on the days 
thymol was administered ; male-fern for two days in succession each week 
for six weeks; large doses of calomel and santonin for three days, fol- 
lowed by castor oil for three weeks. In addition he took at different times 
phenyl salicylate (salol) and castor oil equal parts, 60 cg., three times a 
day; mineral acids, iron and strychnin. Regulation of diet. 

The ipecac treatment, as used in amebic dysentery, was tried in one 
case by Simon,”* of New Orleans, but was not effective. In none of my 


26. Simon: Personal communication. 
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cases was treatment administered. Since the infection is so common it 
is worth while trying various drugs in th hope that an effective one may 
be found. 

The reinfection described here easily accounts for the failure to get 
rid of the parasites. Larve which had penetrated the intestinal wal 
would not be affected by an anthelmintic, and on again reaching the intes 
tines would develop into adults, so in a short time larvae would appear 
the stools even though all the adults were killed at the time the anth« 
mintic was administered. The treatment indicated is comparable to that 
for malaria; it should be repeated at intervals for a long time in order t 
kill those parasites which were beyond the reach of any single course « 
treatment. 

I wish to express my gratitude to Dr. Dock, at whose suggestion I began this 
work, and who directed my work throughout; I wish to thank him especially for 
his valuable assistance in reviewing the recent literature. 

I am also deeply indebted to Dr. C. W. Duval for the use of his laborator 
and many valuable suggestions. 





BOOK REVIEW 


THe ELEMENTS OF THE SCIENCE OF NutTRITION. By Graham Lusk, Ph.D., Se.D, 
F.R.S. (Edin.), Professor of Physiology at Cornell University Medical College, 
New York City. Second Edition. Cloth. Price, $3 net. Pp. 402, with 13 
illustrations. Philadelphia: W. B. Saunders Co., 1909. 

Among those familiar with its predecessor, this second edition of Lusk’s work 
will find a ready acceptance. The new volume differs from the other mainly in 
its consideration of facts which have been discovered during the past three years, 
and although there has been some increase in size, the book retains its compact 
ness and character. Even more than before one is impressed by the fact that in 
this work we have to do with an unusual and significant type of American medical 
writing. Its character may be gleaned from the following excerpts from the pref- 
ace, which are a true index of what follows in the text: 

“The aim of the book is to review the scientific substratum on which rests the 
Throughout no statement 


” 


knowledge of nutrition, both in health and in disease. 
has been made without endeavoring to give proof that it is true. “The wide- 
spread interest in the subject of nutrition at the present time leads the author 
to hope that this book may prove of value to the student of dietetics and to the 
clinieal physician.” 

Concerning the manner in which the material is handled, it may be said that 
there are fifteen chapters. The first, devoted to a historical review of the develop- 
ment of our knowledge of metabolism and the fundamental laws on which it is 
based, is permeated with a fine spirit of respect for the work of the men who 
broke the ground and built up what has become famous as the “Munich school,” 
of which the author is a disciple and to the main tenets of which he closely 
adheres to his thinking. The second chapter deals with the metabolic phenomena 
as seen in starvation, uncomplicated by foods or other agencies, and the third 
with regulation of temperature. With these chapters as a background, the effects 
on the metabolism of the various foods (protein, fat, and carbohydrate) of mechan 
ical work and of the better studied pathological conditions, fever, diabetes, gout, 
Jasedow’s disease, etc., are taken up in separate sections. Chapters on “The Food 
Requirements During the Period of Growth,” “A Normal Diet,” and “Theory of 
Metabolism” complete the list. An appendix of ten pages contains food com 
position tables from Bryant and Atwater; a table from Langworthy’s report 
shows the comparative cost of protein energy as purchased in different forms of 
food; and a table of urinary composition after Folin is given. 

From the standpoint of the theoretical worker, this book is especially valuable 
by virtue of the data which have been supplied from the laboratory of the writer 
himself, and because of the critique which this first-hand knowledge enables him 
to exercise, this advantage being most in evidence in the chapter on the influence 
of the protein foods, in the discussion of fats and carbohydrates, and in the bril- 
liant interpretations which are made of the phenomena seen in phosphorus poison- 
ing and diabetes. Fatty infiltration and lactic acid excretion are handled with 
notable originality and insight. Owing, however, to a constant recognition of 
clinical problems, the continuity between laboratory and bedside work is kept 
steadily in mind, and the volume is full of suggestions which are valuable from 
the clinical standpoint. The chapter on regulation of temperature brings the 
principles of bodily heat control into intimate relationship with such manifesta- 
tions as “acute intoxication” during infancy, with the rational handling of fever, 
with problems of ventilation, and the like, while such chapters as those devoted 
to gout and diabetes make excellent clinical reading. All in all, this book does 
more to show the inseparability of theoretical laboratory and bedside work than 
any work which has yet been published in this country. 
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ORIENTAL SORE IN) PANAMA 


S. T. DARLING, M.D 


A\NCON, C. Z 

Phe owing accoul n aut thonous case of Oriental sore in 

Panama adds one other to the list of regions to be included in the geo 

graphical distribution this diso ! e lesion followed the bite af 

a fl W ( Wis ndoubted tabania in is the Cast sas taryv one, 

t raises again the question oO e sper ( the different strains ol 
Leishmania ft causing Oriental sore 

REPORT OF CASI 
Histor Che patient . Sod negro, ag 14. was born in Demerara He 


had lived in Paramaribo for three vears, in Nickeri for eighteen months and in 





lrinidad subsequently for twenty-four years In September. 1909, he came to 
the citv of Panama where he lived one month. Since October, 1909, he has been 
living on a cacao and rubber plantation out in the bush several miles from 
Empire The residents at the plantation are native Colombians and Jamaican 
negroes here are no natives of, or visitors from, the Levant, India or other 
regions of the Old World where Oriental so1 is endemi rhe patient states 
that he has never seen anvwhere a sor similar to his 

Present Illness —One day in May of this vear vhile sitting under a wild 
cashew tree. the man was bitten on the right forearm by a large tly which, from 
Is deseriptior vas a tabanid The wound is seratched and the resulting sore 
exuded a watery tluid The patient, to releve tl itching, continually seratched 
und pinched the sore After a month's duration it i ised i ize and a very 
hard, thick crust formed on its surtace The itching now ceased, but the margins 
f the sore became quite tender, and the epitre lear and axillary Iywmph-nodes 
also became tender at this time During tl past three months the sor has 
been from 20 to 30 mm. In diamete (ine mont « luration of sore three 
months i small nodule appeared Inder the - n4en above the ulcer but it 
lid not break d n al the s is remall ! ma 

Eva rf The patient presented himself at the lal itorv on August 17 
lhe sore was eated on the right torearn me r the vrist mm the ilmar spect 
It was circular and covered with a raised, flat cranular vravish-vellow crust 
vhich was very hard and thick At that tin ifter four months’ duration, the 
outside diameter, including the raised skin margin vas 22 mm the lameter 
of the erust was 17 mn On lifting the rust, a cireular fossa s seen, sepa 
rating the raised skin margin trom the granulating and ealing surtace of the 
ulcer The appearance and location of the ulcer ere so unique that the diagnosis 
of Oriental sore is at on suggest Portions of the rust were emoved and 
smears made from the granulating surtace \ few microorganisms, exactly 
resembling L. tropica, were tound 

1. His deseription is of some value as he had occasionally collected materia: 


for the laboratory, including tabanids 








neum is irried dow 
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Infecting Organisms.—On August 26 the patient entered the hospital for 
treatment The uleer was excised well bevond the raised margins and below to 
normal subcutaneous tissue Dr. Herrick Smears from its granulating surface 
contained tree and intracellular microorganisms, resembling L. tropica Most of 


them were oval, one end being obtuse. the other acute All contained a tropho 
nucleus and a kinetonucleus; a few presented small achromatic spaces in the pale 


blue eytoplasm \ refractile capsule was not detected Some were in intra 


ellular groups of two, four, five and eleven or more 


DIMENSIONS OF THE MICROORGANISMS 


Length Breadth 
microns microns 
6 3.5 Length of kinetonucleus 15 microns 
7 3.5 Diameter of trophonucleus 2.75 microns 
6 3 
” $25 
The microorganism, while slightly arger than some of those 
described elsewhere, presented the sam morphology noted in cases from 











Fig l The uleer 


he Old World and it closely resemblec 


the gregarine phase of Crithidia 


ound in representatives of Tabanus and other invertebrates. It is not 


impossible that the case described here, following, as it does. the history 


fa bite by a tabanid, is the result of an inoculation with an invertebrate 
agellate (Crithidia ’), which was able to take up a parasith 
Yistence In the tissues of man 

Smears from the | stained for the presence of acid-fast 


au 1, but none was found. 


Histoloar The uleer is covered with a thick eosin-staining mass of des 
juamated epithelium containing ai tew polvmorphontud lear leukoevtes Beneath 
this the granuloma is nearly covered with squamous epithelium showing much 


metaplasia of the reg which extends downward deeply into the corium and 


papille, dividing it into elongated chambers Here and there the stratum cor 


nward with the rete and is pinched off into cell nests The 
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corium and papille are uniformly and richly infiltrated with newly formed cells 


of the lymphoid and plasma type there are numerous proliferated endothelial 


and epithelioid cells and several giant cells also The endothelium of the capil 
laries, particularly that of the papille, is swollen and proliferated There are 
no areas of necrosis With the highest powers a few microorganisms (/ 


tropica) are seen in groups of from one to a dozen individuals imbedded in the 
eytoplasm or placed alongside the nucleus of an endothelial epithelioid or other 
cell. In the deeper portions of the skin the cellular proliferation is limited to 
perivascular collections of small, round cells 


f the lymphoid type surrounding 


blood and lyvmphati vessels and sweat-glands 























Fig. 2 L. tropica in a large endothelial cell with ol 


Oriental sore is an uleeratin skin mulo iused b 1 protozoon 
Le shy 7 fy j } ol " i emi Torms 

The lesion has been eviven Various names, Ol W ( the Tollowing are 
among the commonest; Lahore. Multan and Dell sore: Oriental sore 

2? Non-uleerating tvpes have been dé scribed by R. M. Carter Oriental Sore 
of Northern India, A Protozoal Infection, Brit. Med. Jour Loo, ii, O47 by 
D. B. Thompson and A. Balfour lwo Cases of Non-Uleerating “Oriental Sore.” 
Better Termed, Leishman Nodules, Tr. Soc. Trop. Med. and Hyg., London, 1910 
iii. 107) and by Cambillet (Un eas de Bouton dOrient A Flatters Alver Bull 


Sor Path. Exot Paris. Julv 21 haa 
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Delhi boil; Aleppo boil; Biskra boil: Gafsa boil: pian bois; uleeras de 
Baurti); mycosis cutis chronica; lupus endemicus; granuloma endemicum. 
Better terms, no doubt, would be those expressing the relation to the 
pathogenic agent and the location of the lesion, as “dermal leishmaniosis” 
or “uleerating leishmaniosis.” 

\s its many names indicate, the disease is found chiefly in the Orient 
and Levant—Delhi, Lahore, Punjab, in India; Persia, Arabia, Trans- 
caucasia, Turkey, Morocco, Algeria and Egypt. Strong’s* case of skin 
ulceration of the first type in the Philippines seems to haye been one of 
mvcotic skin infection, 

Very few cases have been reported from the New World. Juliano 


Moreira,’ in 1896, reported its occurrence in Bahia, Brazil. 











Fig. 3.—NSection of ulcer, showing metaplasia of the rete and cellular prolif- 


eration in the corium, 


Carini and Paranhos* reported cases seen among Syrian, Portugese 


and Brazilian laborers at Baur, Sao Paulo, Brazil. A case has also been 


reported occurring in French Guiana.’ 


3. Lindenberg at Sfiio Paulo, Brazil, has found L. tropica in le uleére de 
Bauru and he has designated the disease as Leishmaniose ulecreuse 


4. Strong: Philippine Jour. Se., 1906, i, 91 
5. Scheube, B.: The Diseases of Warm Countries, Ed. 2, Philadelphia, 1904, 
P. Blakiston’s Son and Co. 

6. Carini, A.. and Paranhos, O.: Identification de Vuleera de Baurfi avee le 


houton d’Orient, Ball. Soe. path. exot.. Paris, May 12, 1909; Rev. med. de Sao 


Paulo, Brazil. March 31, 1909. 


7. Nattan-Larrier, Tonin and Keckenroth: Bull. Sec. path. exot., Paris, 1909, 
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According to Castellani and Chalmers* the dis 
nized and described by Russell in 1756 At that tin 
be caused by bad drinking-wate1 Between that per 


Wright's pape r appeared, various microorganisms, 


; 


parasites. fungi, etce.. were regarded as the etiology 
] 


gious character of its virus hae 


Jews of Bagdad were in the habit, at one time, of in 


sw 
ise was first rece uy 
e it Was thought to 


od and 1903, when 
parasites, ova ol 


factors. The conta- 


wen recognized at an early date, for the 


oculating their chil- 


dren with the disease so that thev would not tater get a distiguring scar 


on the exposed parts. 











Fig. 4 Section of ulcer deeper than that shown in Figure 3 showing cellular 


proliferation, chiefly of the round cell type, around the s 


giant cell is seen 


weat glands \ large 


It is possible that the patient mm the case descr wd here became 


infected while on an errand to the city of Panama 


there is an emphatic historv of a bite b a tabanid 


I 


8. Castellani, A.. and Chalmers, A. J Manual of 1 
York, 1910, Wm Wood & Co 
9. Wright “Protozoa in a Case of Tropical Uleer 


Med. Research, 1903, x, 472 


On the other hand, 


wh l¢ 1 ihe rst} 
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THE IROHIVNES OF INTERNAT VEDICINE 
The population of the Canal Zone comprises men from nearly every 
region of the world, and an infected native from a region in which Ori- 
ental sore is endemic might have come here in an infective condition, <A 


tabanid, Stomoxrys, or one other of the museid flies, e* hanically by bit- 


ing or sucking could then infect from such a person a second individual. 
Since early in 1905 [ have examined material here in Panama for the 


detection of L. trepica in cases of chronic skin ulceration, but until the 


case described here was seen, nothing of a positive nature had been 


encountered 
During the vear 1904 and early in 1905 every village in the Canal 
Zone and the cities of Panama and Colon contained many fine examples 


of tropical ulceration. In one of the villages near Colon, for example, 


every native had a tropical ulcer. These were usually undressed, 





Fig. 5 Section of uleer near that shown in Figure 4. There is much perivas 


cular round cell proliferation. 


or imperfectly dressed, and were exposed to flies and bugs, which undoubt- 
edly acted as agents of transfer for the virus, for the disease was stamped 


fo 


out by surgical cleanliness and the use of dressings. The sloughing 
uleers of the lower limbs and other forms of ulceration are now more 
rarely found, except among natives and those who are living in the bush 
bevond the pale of sanitary measures. 

On first view, then, it might seem rather extraordinary that an iso 
lated case of Oriental sore should have been found, but it must be remem- 
bered that whereas in the Canal Zone within the limits of efficient sani- 


tation most tropical diseases have been wiped out, a different condition 
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prevails in the bush and 


jungle where no attempt has as vet been mia 
to alter the primitive and insanitary mode of life of the natives: here on 
mav expect to encounter a relatively richer pathological fauna and flora 

The Cust dese ri ed here is not so inexplica le when it is known that 
the patient was not an emplovee of the commission and did not ve in 
commission quarters, but lived on a cacao and rubber plantation seve ral 


| 


miles out in the bush outside of the zone of sanitation 


from which region 
few patients are ever received into the hospitals. 


Bagdad, where Oriental sore is endemic, has about the same latitud 


as Charleston, S. C.: and it would not be surprising to find cases reported 
In the southern states in the future. A careful examination of stained 
films and sections of tissue from chron vranulomata of the eX sed 


parts would undoubtedly reveal some examples of this type of ulceration. 
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Fig. 6.—Section of ulcer from the same location as that shown in the upper 
third of Figure 3. ‘There is much cellular proliferation in the papilhe. and betwee 


two attenuated metaplastic down growths of the rete two giant cells are seen 


EPIDEMIOLOGY 


Carter states that age. sex, food, race, constitution and hvygiente con 


ditions play no part in the etiology. This is borne out by Manson'® and 
Laveran’s experience, the former stating that in Delhi, in 1864, from 40 
to 70 per cent. of the resident Europeans were affected with the local 
sore, while Laveran remarks that the slightest wound tends to become 
transformed into the bouton. At Bagdad it is said that few escape an 


10. Manson. P.: lropical Diseases, Ed. 4. N. Y Wm. Wood & Co 
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attack at particular times of the vear; visitors even for a few days are 


almost certain to contract it. 

The disease is confined to certain endemic regions, as Delhi, Bagdad, 
Lahore, ete. Hirsch has noted a seasonal variation in that the disease is 
most prevalent at the beginning of a coo] rainy season, and in more tem- 


perate climates at the end of summer—tly season ? 


LOCATION OF TILE SORT 


The lesion is nearly always on an exposed part, the face, arms or legs, 
suggesting that the disease is transmitted by a fly rather than by a bed- 
bug or flea. Carter. in a series of cases of Oriental sores seen in South 
Arabia, noted the following distribution: Out of the 1.154 sores, 914 
were on the lower limbs, 115 were on the upper limbs, most of them being 
near the elbow-joint, and twenty-six were on the face, forehead, side of 
nose, outer or inner canthus of the eve, or side of cheek. 

This location of sores about the elbow-joint and lower limbs is iden 


} ] 


tical with the location of the bite of Steqgomyta calopus 


ETIOLOGY 


' in 1885, deseribed bodies found in sections of tissue 


Cunningham, 
from a case of Delhi boil. The sections were made with a freezing micro- 
tome and had been stained with gentian violet. The bodies deseribed and 
measured by Cunningham could hardly be the bodies now recognized as 
the cause of Oriental sore, for they were entirely too large, 12.6 by 8.8 
microns, the largest measuring 12.8 by 25.6 microns, the smallest 6.4 by 

uerons. Such minute specimens as the latter were, however, rare. 
seem more likely that Cunningham was describing Blastomuces 
he results of cell degeneration. 

Wright of Boston® published an account of protozoa in a case of trop 
cal ulcer (“Delhi sore”). The patient was not a native of America, but 
was a “female child, 9 vears of age, born in Armenia. . . The 
lesion had made its first appearance before the child left Armenia.” 
Wright found intracellular protozoa—TJ/elcosoma tropicum, Wright, 1903 

in large endothelial cells in serapings from the uleer. Wright’s obser- 
vations established the etiologic nexus of Oriental sore with a protozoon 
His work was confirmed by Mazinowsky. Borgow. James. Plehn and 
others 


rHE PATHOGENIC AGEN4 
Leishmania tropica is found in stained films or sections of tissue 
invading large mononuclear endothelial cells. It is also found oceasion- 
ally in the large mononuclear |vmphoeyte and in the polymorphonuclear 


11. Cunningham; Scientific Memoirs by Medical Officers of the Army of 
India, Part 1, 1884, Caleutta, 1885 
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leukocyte. The microorganism is round, oval, or oat-shape, with a large 
purple-staining mass, the trophonucleus, placed at the periphery, and a 
smaller deeply staining rod or dot, the kinetonucleus. This is always 
placed a short distance from the trophonucleus and when rod-shaped at 
different angles with respect to it and the long axis of the parasite. The 
cytoplasm stains blue as in the malarial parasite, and there are small 
achromatic spaces, in some specimens exactly like those in the gregarine 
phase of Crithidia. The microorganisms are commonly 2 to 4 microns 
in diameter. In smears many are free, others are imbedded in a matvix, 
while others are intracellular in mononuclear cells, chiefly of the endo- 
thelial type. 

The intracellular parasite resembles very closely L. donovani and L. 
infantum, and also the gregarine phase of many flagellates found in the 
intestinal tracts of invertebrates such as Crithidia of tabanids and fleas, 
or the herpetomonads of Musca, Pyrellia, etc. As these invertebrates 
become infected and reinfected by the ingestion of infected feces, it is 
possible for them in the act of biting or of sucking wounds, to deposit 
the gregarine or other infecting forms of some of the flagellates with 
which they may be infected. 

I have described’? a fatal disease of this region caused by a minute 
microorganism, Histoplasma capsulatum, resembling Leishmania some- 
what, and causing lesions very much like those of kala-azar, but appar- 
ently it is not closely related to the microorganism of Oriental sore 
described here. 

HISTOPATHOLOGY 

Wright’: “The lesion consists essentially of a very extensive infiltration of 
the corium and papille by cells, accompanied by atrophy and disappearance of 
the epidermis of the part. The infiltrating cells are plasma cells, various kinds 
of lymphoid cells, and large cells with single vesicular nuclei, and a relatively 
large amount of cytoplasm, in which are large numbers of the microorganism. 
These large cells cover extensive areas, are very numerous and constitute the 
principal part of the infiltration. They are regarded as proliferated endothelial 
cells.” 

Manson”: “Section of a papule displays an infiltration of the derma by a 
mass of small, round granulation cells. These lie between the elements of the 
tissue, particularly about blood-vessels, lymphatics and sweat-glands; toward the 
center of the lesion they completely replace the normal structures.” 

Unna, from Scheube*®: “There is an infiltration of the skin and subcutaneous 
tissue, with small, round oval cells, multigranulated and giant cells, and also a 
few leukocytes. In the center of the nodules over which the epithelium is atten 
uated the infiltration is so dense that the tissue elements are entirely disinte 
grated; while toward the periphery the cells form small centers, mostly situated 
in the vicinity of blood-vessels and lymphatics and sweat-glands. The lymphatic 


12. Darling, S. T.: Histoplasmosis: A Fatal Infectious Disease Resembling 


Kala-Azar Found Among Natives of Tropical America, Arch. Int. Med., Chicago, 
1908, ii, 107; The Morphology of the Parasite (Histoplasma capsulatum) and the 
Lesions of Histoplasmosis, A Fatal Disease of Tropical America, Jour. Exper. 
Med., 1909, xi, 515. 
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vessels and spaces are uncommonly wide and there is much edema. In the center 
of the infiltrated tissue small necrotic particles are inclosed and this, when the 
sections are stained, exhibits large fibrinous contents; the tissue, otherwise, also 
contains much fibrin.” 

Firth”: “The histology of these sores has been thoroughly worked out and if 
sections be made of the initial papule before ulceration, no difficulty is experi- 
enced in demonstrating that the whole thickness of the skin and subjacent tissue 
is infiltrated with lymphoid and epithelioid (mesoblastic) cells, accompanied by 
more or less complete disintegration of the normal tissue-elements thereby. In 
the center of the papule the infiltration by young, round cells is so complete that 
little can be seen of the sweat glands. Toward the edges of the diseased tissue 
the new cells occur in isolated clusters or groups, chiefly round blood-vessels or 
lymphatics. The infiltration does not seem primarily to involve either the hair 
follicles or the sebaceous glands. The individual cells of this infiltration vary 
from 7 to 9 microns; their nuclei from 5 to 6 microns; the nuclei are large, 
generally single, but in parts multiple. The anatomical structure of the papule 
and surrounding skin indicates that Oriental sore is the type of a granuloma; 
in fact, the most elementary microscopical examinations of the lesion show that 
it is a reaction of the skin against some virus of low virulence which has pro- 
duced granulomatous changes in the corium beneath and round the ulcer. So 
chronic are these changes which are sometimes met with that a close resemblance 
to tuberculosis may be occasioned. It is important to bear in mind because it has 
several times been suggested that certain of these lesions are tuberculous.” 

Thompson and Balfour?: “An increase in the rete Malpighii, long branching 
columns of which stretch down into the underlying tissues . . . In these 
respects the condition resembles a papilloma. There were typical cell nests. The 
papillary layer of the skin is hypertrophied, or at least appears to be so, invading 
and even cutting off and disintegrating portions of the rete, while itself invaded 
by infiltrating cells . . . examination with higher powers showed that the 
cytoplasm of numerous large cells with vesicular nuclei was full of Leishman 
bodies.” 

MODE OF INFECTION 


Most descriptions of this disease contain statements that the disease 
is transmitted through the bite of flies or other insects by their infecting 
a pre-existing wound or by the infection through the bite of a fly or other 


insect. 

Its conveyance by flies was first claimed by Seriziat in 1875 and by 
Tscherepkin in 1876. The latter states that the people of Tashkent 
called the disease “pascha-churdj” which means “fly-bite” (Castellani 
and Chalmers). 

Schulgin attributes its transmission to mosquitoes, and when one con- 
siders the location of many of the sores this is a very probable suggestion. 

Laveran believes that flies transmit the virus mechanically. Nothing, 
however, of a positive nature is known. In the case reported here there 
is a very definite history of the sore following the bite of a tabanid. 

The disease is directly inoculable from one individual to another, for 
the Jews of Bagdad were in the habit of inoculating their children, hop- 
ing to prevent a subsequent disfiguring scar. The disease is also auto- 


inoculable. 


13. Firth, R. H.: Allbutt’s System of Medicine, ii, 490. 
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Dogs and camels have sores resembling Oriental sores and the sores 
of the dogs contain the “characteristic parasite” (Sambon). 

The sores are frequently on exposed parts, easily accessible to flies or 
mosquitoes, and they are also not uncommonly located at hat and sleeve 
margins where friction would favor the introduction of an infecting 
agent into an abraded skin. 

PERIOD OF INCUBATION 


Manson’® saw “an unquestionable Oriental sore which did not appear 
until five months after the patient had been exposed to any possibility of 
infection.” The period of incubation would seem to vary between the 
rather wide limits of a few days to several months. 


SYMPTOMATOLOGY 


The first appearance is that of one or two small papules like those 
which follow insect-bites, and which may itch considerably. The papule 
increases in size by infiltration of the underlving derma and becomes 
hard and shotty. It has a hyperemic margin. When the papule becomes 
10 to 15 mm. in diameter the sebaceous and sweat glands beneath have 
either been destroyed or have failed to secrete. The epithelium becomes 
dry and a film of gray epithelial scales forms on the surface. Later, the 
nutrition of this area has become so interfered with that necrosis and 
ulceration occurs. Accompanying the ulceration, there is some fluid 
exudation and desquamation which dries into a firm, hard, adherent crust 
overlying the ulcer. The margin of the ulcer is formed by normal skin, 
somewhat infiltrated, heaped up and pouting. Between the skin margin 
and the granulating surface of the ulcer is a depressed narrow fossa. The 
lymph-nodes draining the part may become tender, though they are said 
not to enlarge. This would be a diagnostic point, however, of doubtful 
value in a region such as this where there is so much general glandular 
enlargement among natives. The ulcer becomes smaller at length with 
each renewal of crust and finally heals, often leaving a depressed scar. 
The duration of the process may be from four or five to twelve or more 
months. 


DIAGNOSIS 


Even in regions where the disease is common there is difficulty in 
some instances in establishing a diagnosis without the examination of 
films. The duration, location and appearance of the ulcer are usually 
suggestive. An isolated case was detected in Boston (Wright’s case), 
and, though searching in vain for over five years for a case in this region, 
I felt confident when I saw the peculiar ulcer covered by the tough scab 
on the side of the patient’s wrist that it was an Oriental sore. The pres- 


ence of L. tropica is necessary to establish a diagnosis, though a pro- 
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longed and careful search may be necessary to detect the microorganism. 
James™ found that surgeons whose experience with Delhi sore was con- 
siderable were unwilling to express a definite opinion as to whether a 
given sore was really Oriental sore. One of his cases seen at Delhi 
appeared superficially more like a ringworm than anything else. 


TREATMENT—PROPHYLAXIS 

Those who have attempted to treat this type of ulceration are agreed 
that most methods are unsatisfactory. Surgical cleanliness and protec- 
tion with antiseptic dressings are of paramount importance. The ulcers 
may be treated with bichlorid of mercury solution after removal of crusts, 
and then some antiseptic ointment should be applied. Castellani advo- 
cates the use of protargol by first washing the sores with a 5 per cent. 
solution, followed by the application of a 20 per cent. ointment. The 
protargol ointment cannot be used on Europeans when the skin of the 
face is affected, as the protargol after some time induces a discoloration 
of the skin. 

The etiological factor, being a protozoon closely related to trypano- 
somes, the use of arsenic and its derivatives is suggested by the use of 
local applications or injections of T'rypanblau, Trypanroth, salvarsan, etc. 
Other methods that have been used are the application of tincture of 
iodin 10 per cent., methylene blue 10 per cent., application of a thin 
piece of lead over the ulcer, rausath,” permanganate of potassium in 
powder and ointment, freezing the boil with ether, the application of a 
10 per cent. solution of ferropyrin after cleansing the ulcer, and then an 
application of a 50 per cent. solution of bimuriate of quinin, daily. 

In the case described here treatment consisted in free excision and 
closure beyond and below the area of involvement. The wound healed 
per primam and when patient was seen forty-two days later there had 
heen no return of the sore. 

The disease being contagious, the ulcer should after satisfactory dis- 
infection be well protected from visits by flies, mosquitoes, ete. In an 
endemic region insect-bites should be treated surgically, particularly 
those becoming papular with marked infiltration and showing no tend- 
ency to resolve. 

THE ZOOLOGIC STATUS OF L. TROPICA 

The zoological status of L. tropica has been investigated by the sev- 

eral workers mentioned below. Cultivation experiments have developed 


14. James, S. P.: Oriental or Delhi Sore: Scientific Memoirs by the Officers 
of the Medical and Sanitary Departments of the Government of India, Calcutta, 
1905, No. 13, New Series. 

15. Aviss and Lincoln, C. S.: Treatment of Oriental Sore, Jour. Trop. Med. 
and Hyg., London, 1910, xiii, 206. Rausath is “a dark green fluid prepared from 
a gummy exudation of a native tree mixed with leaves.” 
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the fact that the microorganism living in the bodies of endothelial cells 
in man in a gregarine phase becomes in cultures a monadine flagellate, 
having the characters of Herpetomonas or Crithidia, flagellates parasitic 
in the intestinal tracts of invertebrates. 

Herpetomonas musce domestica, Burnett, 1851, and Crithidia fascic- 
ulata, Léger, 1902, are types of the genera. The dividing lines between 
them and the neighboring one, 7’rypanosoma, are not very sharply defined. 

Representatives of the genus Herpetomonas are usually found in 
muscid flies, bugs, etc., while those of Crithidia are oftener found in such 
blood-sucking invertebrates as anophelines, tabanids, fleas, etc. 

Flagellates having the morphology of trypanosomes are probably only 
found in their monadine phase in the blood-stream of vertebrates. 

Now, while it is the monadine flagellated phase of these flagellates 
(trypanosomes) which chiefly excites our interest in trypanosomal dis- 
ease, it is, on the other hand, the gregarine non-flagellated phase of Her- 
petomonas and Crithidia with which we are most familir in kala-azar, 
Oriental sore and kala-azar infantilis. 

There are several gaps in our knowledge and a number of moot 
questions relative to the life cycle of these flagellates, but it will be of 
interest to give a brief summary of the life-cycle of one—JZ. donovani. 

According to Captain Patton,’* who has worked out the development 
of the parasite in Cimer rotundatus, the following changes take place 
when a bed-bug is fed on a patient suffering from kala-azar: 

On the second day after being ingested by the bug the parasites begin to 
develop, their protoplasm increasing in volume; at the same time the macro- 
nuclei enlarge and show signs of commencing division. The parasites may now 
either pass on to flagellation, or further growth followed by the consecutive 
division of the macro- and micronuclei may result in the formation of rosettes. 
The single flagellates enlarge and begin to divide longitudinally to result in oval 
or spindle-shaped cells; while the rosettes, after flagellation, begin to divide up 
into separate elongated flagellates. The oval or spindle-shaped parasites divide 
repeatedly either by equal or unequal longitudinal division and result in smaller 
and more irregular forms. All these changes may be seen in the bug during the 
first three days. Still later longitudinal division of the oval and irregular flagel 
lates progresses rapidly, so that by the fifth day the majority have become small 
or spirilla-like flagellates. 

The exact mechanism of infection of man by bed-bugs is not known, 
nor is it known what phase of the life-cycle of L. donovani is the imme- 
diate antecedent of the gregarine form met with in man. 

While it has not been definitely ascertained, it must be undoubtedly 
true that the bed-bug plays an important, if not the chief, rdle in the 
transmission of kala-azar.'7 


16. Patton, W. S.: A Critical Review of Our Present Knowledge of the Hemo 
flagellates and Allied Forms, Parasitology, Cambridge. 1909, ii, 91. 

17. I have found in some of the native villages of Panama a tick Ornithodoros 
talaje, which has habits not unlike the bed-bug, and causes at times a peculiar 
pustular eruption in native children. 
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On account of its intimate relation to our subject, the following 
stages in the development of our knowledge in this department of medi- 
cine may be briefly outlined : 

The Discovery of Trypanosomal Diseases.—This includes the many 
observations on trypanosomal infections in man, equines and other mam- 
mals, and the rapidly growing list of similar infections in other verte- 
brates. 

The Discovery of the Transmission of Trypanosomal Diseases by Bit- 
ing Flies, Fleas, Lice, Etc. 

The Cultivation of Trypanosomes on Artificial Media. 

The Discovery of the Protozoal Nature of Kala-Azar, Oriental Sore 
and Leishmaniosis Infantum. 

Kala-Azar: Leishman,'* in May, 1903, described certain small oval 
bodies from autopsy spleen smears in a case of chronic dysentery, cach- 
exia and low fever. The patient had contracted the disease (kala-azar) 
in Dum-dum, near Calcutta, and died in London. Leishman had observed 
the bodies first in 1900. In his opinion they were residues of trypano- 
somes. Donovan, in 1903, reported finding similar bodies from three 
cases in Madras. 

Marchand and Ledingham," in 1904, published an account of a case 
of kala-azar in a German soldier, who had become infected while with 
his regiment in China. Leishman-Donovan bodies were detected in the 
tissue of this case in December, 1902, or in 1903. 

Oriental Sore: Wright.® of Boston, in December, 1903, published a 
description of bodies found in the tissue of a case of “Delhi sore” in an 
Armenian girl. This established the protozoal nature of Oriental sore. 

Kala-Azar Infantilis: Nicolle?® observed eleven cases of this disease 
in Tunis occurring in young persons 8 months to 6 vears old, associated 
with progressive anemia, irregular fever and gastro-intestinal disturb- 
ance. The etiological factor is L. infantum. 

Cultivation of ZL. Donovani: Rogers™ cultivation experiments with 
splenic pulp from cases of kala-azar, using an acid sodium citrate medium 

18. Leishman, W. B.: On the Possible Occurrence of Trypanosomiasis in 
India, Brit. Med. Jour., 1903, i, 1252; ibid., 1903, ii, 1376; Note on the Nature 
of the Parasites Found in Tropical Splenomegaly, ibid., i, 303. 

19. Marchand, F., and Ledingham, J. C. G.: Ueber Infection mit “Leishman’- 
schen Kiérperchen” (Kala-Azar?) und ihr Verhiiltniss zur Trypanosomen-Krank- 
heit, Ztschr. f. Hyg. u. Infectionskr., Leipsic, 1904, xlvii, 1. 

20. Nicolle, C. H.: Le kala-azar infantile, Ann. de. l’Inst. Pasteur, Paris, 
1909, xxiii, 361; Culture du Parasite du Bouton d’Orient, Compt.-Rend. de l’Acad. 
de Sc., Paris, 1908, ex], 482. 

21. Rogers, L.: Preliminary Note on the Development of Trypanosoma in 
Cultures of the Cunningham-Leishman-Donovan Bodies of Cachexial Fever and 
Kala-Azar, Lancet, London, July 23, 1904, ii; The Development of Flagel- 
lated Organisms (Trypanosomes) from the Spleen Protozoic Parasites of Cach- 
exial Fevers and Kala-Azar, Quart. Jour. Microse. Sc., 1904, xlviii, pt. iii (Nov.). 
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in which he observed that at a temperature of 20 to 22 C. the Leishman- 
Donovan bodies became altered in morphology and assumed the charac- 
ters of the monadine form of the genus Herpetomonas. This was a very 
important discovery. 

Captain Patton’s Studies on the Development of L. Donovani in 
Cimex Rotundatus.** 

The Discovery of L. Infantum in Pariah Dogs by Nicolle-—On inves- 
tigation Nicolle learned that in some of the cases of infantile kala-azar 
studied by him the patients had been in close contact with several dogs. 
He thereupon examined the cadavers of 222 dogs and found spontaneous 
kala-azar in four, or 1.8 per cent. 

Cultivation Experiments with L. Tropica by Row.** Nicolle and Car- 
ter—Carter gives the stages in the life-history of the parasite of Oriental 
sore as follows: 

1. Monadine Crithidium. Very large, and several times the length 
of a red blood cell, staining blue, with a scarict flagellum, carmin extra- 
nuclear centrosome and rosy violet nucleus. 

2. Flagellated rosy-pink parasite; body oval or circular; apposed to 
the above at about the level of the nucleus of the monadine Crithidium. 
This presents a small, dark violet-staining nucleus, and an extranuclear 
centrosome, staining carmin, from which a long scarlet flagellum arises. 

3. Gregariniform phase of clusters of small parasites circular, ovoid 
or bean-shape like enormous cocci. In these the nucleus stains violet. 
The extranuclear centrosome, when seen, stains rosy red, and the cyto- 
plasm of the cell pale pink. A few are rose-colored throughout. These 
clusters are usually found surrounded by masses of bacteria and cocci, 
staining pale blue. 

4. Early forms of the parasive showing pyriform, ovoid and torpedo 
shaped elements as ordinarily seen in the infected tissues. 

Larger pyriform cells. 

6. Larger rosy bodies. The two latter frequently occur in the same 
group which may consist of 120 to 200 parasites. 

Observations on Insect Flagellates—These were first made by Ronald 
Ross** in 1898, in India, with the species described later, no doubt, by 


Léger as Crithidia fasciculata. Since then Durham, Chaterjee, Chris- 


22. Patton, W. S.: Preliminary Report on the Development of the Leishman- 
Donovan Body in the Bed-Bug, Scient. Mem. by the Officers Med. and San. Depart 
ments of the Government of India, 1907, No. 27, New Series; The Development 
of the Leishman-Donovan Parasite in Cimex Rotundatus, Second Report; Scient. 
Mem. by the Officers Med. and San. Departments of the Government of India, 
1907, No. 31, New Series. 

23. Row, R.: Reported by Dr. Minchin, Brit. Med. Jour., 1909, i, 842 

24. Ross, R.: Notes on the Parasites of Mosquitoes Found in India Between 
1895 and 1899, Jour. Hyg., Cambridge, 1906, vi, 101. 
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tophers, the Sergents, Patton, Novy and many others, by their researches, 
have added greatly to our knowledge of these groups of protozoa. 

At the present time in these fields efforts are chiefly centered on deter- 
mining exactly the mechanism of infection by trypanosomes and other 
pathogenic flagellates; the fate of these flagellates in the intestinal tracts 
of invertebrates, i. e., whether there is an exogenous life cycle; and the 
relationships between the genera 7'rypanosoma, Crithidia and Herpeto- 
monas. 

It is of the greatest importance that workers in these fields should 
recognize the fact emphasized by Patton, Nuttall and others, that though 
insects and acarids may ingest blood containing pathogenic flagellates, 
it is also true that of the species of invertebrates specially examined to 
date most, and probably all, are parasitized by non-pathogenic represen- 
tatives of the genus Crithidia or Herpetomonas and that it is frequently 
impossible to differentiate between them at certain stages of their devel- 
opment. 

The singularity of this isolated case in a man who had been living 
in the bush among native Panamans and Jamaicans suggests very 
strongly that the parasite in this case is a distinct species from those 
described from the Levant, India and South America. Morphologically, 
it resembles them very closely, but the gregarine stage of various cri- 
thidians and herpetomonads, while specifically distinct, are also morpho- 
logically identical. It is possible and very likely, then, that Oriental sore 
is caused by the development at the point of inoculation of the gregarine 
phase of various representatives of Crithidia, Herpetomonas or other 
flagellates. This could be accomplished by: (a) tabanids, mosquitoes, 
etc.; (b) fleas, ticks, bed-bugs, dermanyssids, etc.; (c) muscid flies, bugs, 
etc. 

In the case of a and b, the host could be inoculated during the act of 
biting, or by rubbing or scratching infected feces into the wound by the 
patient. In ¢ the infection of a sore could be accomplished by flies suck- 
ing the wound juices or by depositing feces containing the pathogenic 
agent. 

Our knowledge of the number of hosts harboring flagellates which 
have a gregarine phase, resembling Leishmania, is increasing rapidly. 


TECHNIC 


Smears were stained with Romanowski, Giemsa and Hastings’ modi- 
fication of Romanowski. I would like to urge the more general! use of 
polychrome stains in the routine examination of autopsy smears and 
those from pathological tissue. Laboratory workers in the United States 
do not seem to be as familiar as they should be with the use of these 
beautiful and invaluable stains. 
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Hastings’ stain is used first on nearly all smears, for it rapidly fixes 
and stains all the elements in the film. If, in selected slides, it is desired 
F to intensify or improve the picture, this may be done by placing the 

stained slide in (a) Giemsa short method, (b) long method, or Roman- 
owski. Overstaining may be corrected by differentiating in ethy! alcohol 
95 per cent. 


GIEMSA SHORT METHOD 





Azur II, eosin 3 gm 
i Azur II 0.8 gm. 
j Glycerin (C. P.) 250 gm. 
i Methyl alcohol (Kahlbaum) 250 «gm. 
: One or more drops of this mixture to 1 c.c. of distilled water. 
‘ 

GIEMSA LONG METHOD 
H Azur I, (1:1000 aqueous) 3 parts 
‘ Azur II, (0.8:1000 aqueous) 3 parts 
+ Eosin solution (2.5 c.c. of 1 per cent. eosin aqueous in 500 
of water) .... 12 parts 

This mixture may be made up and placed in a staining pot and should 
be renewed every few days. 

A cheaper modification of the Giemsa short method is to replace Azur 
II eosin by Hastings’ stain in powder form. 

The original Romanowski, when properly manipulated, gives excel- 
lent results; but time and careful adjustment of the proportions of eosin 
and methylene blue are necessary. 

3 
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THE USE OF BLOOD CHARCOAL AS A CLEARING AGENT 
FOR URINE CONTAINING GLUCOSE * 


R. T. WOODYATT, M.D., anp H. F. HELMHOLZ, M.D. 
EVANSTON CHICAGO 


In the course of some experiments on the quantitative excretion of 
sugars after parenteral injection, we had occasion to use Bang’s' method 
for the determination of glucose and experienced, as have others who 
have used this method, the difficulty of determining sharply the end 
point of the reaction when dealing with urines that were even moderately 
colored. This difficulty is obviated by clearing the urine before titration 
and, according to Bang and Bohmannsson,? this clearing is readily 
accomplished without the loss of any appreciable amount of glucose by 
shaking the urine with blood charcoal after having rendered the urine 
5 per cent. acid by means of hydrochloric acid. The loss as indicated by 
Bang and Bohmannsson under these conditions is so small that it can be 
neglected. Our first control experiment, however, showed quite the con- 
trary, and further determinations indicated losses that amounted to 61 
per cent. as determined by the polariscope and 43 per cent. as determined 
by the Bang method. Such gross variations were impossible to overlook, 
and could scarcely have been encountered by Bang and Bohmannsson 
without mention. Further examinations were therefore made to ascer- 
tain the source of this discrepancy. 

We selected six normal urines which were clear enough to permit 
accurate polariscopic readings. These samples were made saccharine by 
the addition of pure dry glucose. To eliminate the error due to any 
optical changes which might occur as a result of the action of the acid or 
clearing agents on other urinary constituents besides sugar, these normal 
specimens were examined with the polariscope before and after clearing 
prior to the addition of sugar. In some instances the change in the 
reading was negligible, in others considerable. One specimen, for exam- 
ple, having before clearing a rotation of minus 9 minutes in a 20 em. 
tube, showed plus 3 minutes after acid clearing. Corrections for these 
variations were made in the readings which were obtained from the same 
urines after glucose had been added. Small losses of glucose might other- 
*From the Medical Research Laboratory, Rush Medical College. 

1. Bang, I.: Zur Methodik der Zuckerbestimmung, Biochem. Ztschr. 1906-1907, 
ii, 271. 

2. Bang, I., and Bohmannsson, G.: Zur Methodik der Harnzuckerbestimmung, 
Ztschr. f. physiol. Chem., 1909, Ixiii, 443. 
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wise pass unobserved. In this series, for special reasons, the urines were 
rendered only 2 per cent. acid, instead of 5 per cent. as according to 
Bang and Bohmannsson, and the weight of charcoal employed was 
smaller than these authors recommend. ‘The glucose losses varied from 
a minimum of 2 per cent. to a maximum of 25 per cent., with 
an average of 15 per cent. The losses were not constant even in 
the same urines, but varied widely with the weight of charcoal used, the 
amount of shaking and the duration of contact. In Experiments 5 and 6, 
which represent two consecutive determinations on the same specimen 
of urine, the losses were 20 and 25 per cent. respectively. Occasionally 
two consecutive determinations gave the same figures, but not consist- 
ently. 

Inasmuch as the statements of Bang and Bohmannsson are for the 
most part based on experiment with aqueous glucose solutions made 5 
per cent. acid with hydrochloric acid, controls with such solutions were 
next made in exact accordance with the directions of these authors. In 
this series even higher percentage losses were encountered. Three deter- 
minations showed an average loss of 58 per cent. by polariscopic reading, 
and 48.6 per cent. by titration. Since the optical activity of the sugar 
solutions always fell more than their reducing power, we suspected the 
presence in the charcoal of an impurity that was either Jevorotatory, or 
of such a nature that it combined with the sugar to give reducing com- 
pounds having lower specific rotations than glucose. The possibility that 
the fall in rotation was merely a multirotational effect was eliminated by 
suitable precautions. 

Since by extracting our charcoal with 5 per cent. aqueous hydro- 
chloric acid we were unable to observe any optically active substance in 
the acid filtrate, and since charcoal so treated still exerted the same effect 
on glucose solutions as did the untreated charcoal, it seemed probable 
that we had to do with a substance in the blood charcoal that in some 
way combined with or metamorphosed the glucose. 

With these considerations in view the experiments were continued 
with charcoal obtained from other sources. The original article was 
obtained from Bausch and Lomb; it was finely powdered and labeled 
“Charcoal from Blood.” We made a second series of observations with 
Merck’s “Blood Charcoal.” This article had after pulverization a much 
coarser grain than the former. When used in the same proportion, the 
clearing was much less perfect than with the Bausch and Lomb product. 
Working with Merck’s blood charcoal, however, we were able to confirm 
the findings of Bang and Bohmannsson and could demonstrate no signif- 
icant loss of glucose from urinous or aqueous solutions, when these were 
cleared in the presence of a 5 per cent. hydrochloric acid. 





ss 








R. T. WOODYATT—H. F. HELMHOLZ 601 


Although it is naturally expected that pure chemicals be employed in 
the carrving out of any quantitative procedure, it is impossible in this 
connection to know beforehand, except by control experimentation, 
whether or not a given charcoal from blood will behave in the manner 
described by Bang and Bohmannsson, or otherwise, as in the present 
instance. Bang and Bohmannsson make no special mention as to what 
sort of Blutkohle shall be used. Different samples, however, acting in 
divergently opposite ways, make it necessary that, before any conclusions 


ve drawn from measurements made by the Bang and Bohmannsson 
method, the individual sample of charcoal which is used shall be thor- 
oughly tested in control experiments. 


231 Dempster Street, Evanston—1449 Dearborn Avenue, Chicago 








CHLORID AND WATER TOLERANCE IN NEPHRITIS * 


KARL M. VOGEL, M.D. 
NEW YORK 


Widal, Achard, and Strauss some years ago called attention to the 
hearing of sodium chlorid retention on the still unsettled question of 
nephritic edema, and since then regulation of the chorid intake has been 
found of value, not only in nephritis, but also in the treatment of fluid 
accumulations of other origins. The measure has been applied with more 
or less suecess in eases of cardiac disease, inflammatory exudates, such, 
for example, as tuberculous peritonitis, and diabetes insipidus, and in 
conditions in which it is desirable to restrict the amount of fluid ingested. 
It is chiefly in nephritis, however, that resort to a salt-poor diet has been 
found useful, and it is becoming evident that while the therapeutic 
results are not invariably so brilliant as Widal predicted, investigation 
of the chlorid tolerance can furnish valuable diagnostic and prognostic 
indications. According to Widal, two clinical types of nephritis may be 
recognized, one in which nitrogen retention predominates, and another 
in which the permeability of the kidney for sodium chlorid has become 
impaired. Edema, he contends, depends solely on the retention of 
chlorids, and is largely a physical phenomenon, dominated by the body’s 
intolerance of non-isotonic solutions. By determining, therefore, the 
fluid intake and output, the sodium chlorid intake and output, and the 
fluctuations of the patient’s weight, it should be possible, provided the 
functional capacity of the kidneys has not been too seriously impaired, 
to manage the patient’s dietary so as to dissipate existing fluid accumu- 
lations and guard against their recurrence. In general, these theoretical 
considerations of Widal’s have received abundant clinical confirmation, 
but unfortunately experience shows that the problem of nephritic edema 
cannot be reduced to quite such simple terms, and instances are not infre- 


quently encountered in which the condition proves refractory even to 


persistent reduction of the salt intake. Blooker,' indeed, who very care- 


fully investigated the question of chlorid retention in a series of selected 
cases, comes to the conclusions that nephritic edema is only rarely the 
result of primary chlorid retention, and that resort to an extremely salt- 
poor diet is not often necessary. 

*From the service of Dr. T. C. Janeway, St. Luke’s Hospital, New York. 

1 Blooker, J. W.: Deutsch. Arch. f. klin. Med., 1909, xevi, 80. 
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The elaborate studies of Schlayer and Takayasu,? however, on the 
artificially induced nephritis of rabbits, furnish a very substantial experi- 
mental basis for further clinical work in this direction, and leave no 
doubt as to the interest of the chlorin balance in nephritis from the 
standpoint of diagnosis and prognosis, as well as of treatment. 

These observers found that it was necessary to distinguish clearly 
between the effects of tubular and vascular lesions. Injury to the tubular 
epithelium invariably caused great reduction in the capacity for the 


excretion of sodium chlorid, the retention being directly proportional 


4 
+ 


Pai 


4444-44-44 


~ ad oe 
+344 1-4-4 + 


i 


4+—t—+ 444 4 
SSS 
a «= 
+++ 4-444 4 4+ 
++ 


> 


os 


f 
: 
{ 





Hh aaBE: 


ptt tt tt 


ppp nt ddd 


| 
| 


4—t—4—_4_4 4 fd 
| | 
$4} 0 + 4 $$ 4 — 


+++ + 


Chart 1.—Chlorid determinations in nephritis (Case 1). A, fluid intake; 
B, urine output; C, urinary chlorids; D, body weight; +, days on which 10 gm. 
of NaCl were added to diet 


to the intensity of the lesion. Vascular changes, on the other hand, 
were without influence on the elimination of the salt, and it was found 
that a low specific gravity urine might be the result of overirritability 
of the renal vessels, and in this case was not accompanied by any impair 
ment of chlorid excretion; or it might be due to tubular lesions and then 
involved chlorid retention which might reach the highest grades. 


2. Schlayer and Takayasu: Deutsch. Arch. f. Klin. Med., 1910, xeviii, 17 











604 THE ARCHIVES OF INTERNAL MEDICINE 


Clinically, there are, of course, many transitions between these two 
types, according as the tubular or the vascular lesion predominates, but 
some insight into the underlying conditions may certainly be gained by 
watching the sodium chlorid excretion, and particularly the manner in 
which known amounts of salt added to the diet are disposed of. In other 
words, just as it is essential to determine the carbohydrate tolerance of 
a diabetic, or the purin tolerance of a gouty patient as a preliminary to 
proper treatment, the ability of the nephritic to eliminate sodium chlorid 
and water must be investigated in order to secure a basis for the intelli- 
gent management of his disease. According to the information so elic- 
ited, a diet with no restriction as to salt content, or one that is salt-poor, 
or, in extreme cases, one that is as nearly as possible salt free, is 
employed, and the patient is subjected to no more hardship in the matter 
of salt abstention than the necessities of his case demand. At the same 
time, the manner in which the kidney deals with known amounts of 
sodium chlorid and water furnishes, at least in some measure, an index 
of its functional capacity in general and aids in establishing the anatom- 
ical diagnosis. It is, therefore, apparent that whatever may be thought 
of the salt-poor diet as a routine mode of treatment, the indications to 
be gained from a study of the chlorid and water intake and output are 
sufficiently valuable to render it advisable to make such determinations 
in beginning the treatment of every case of nephritis that is at all severe. 
The following three cases are cited briefly as an example of the behavior 
of the chlorid balance in different types of the disease. 

CASE 1 Patient.—T. L. (No. 81,341), an American carpenter, aged 27, ad 
mitted to the service of Dr. Norrie in St. Luke’s Hospital, on June 2, 1910. The 


patient’s family and previous history are negative. He takes two cups of tea 
and one of coffee a day. He uses no alcohol and is a moderate smoker. 

Present Iliness.—One month before admission he caught cold, had a sore 
throat, a chill, and some fever. His doctor said he had grip. Two weeks 
before admission his legs became swollen, remained so for a week, and then the 
swelling disappeared. His face was puffed at the same time. He urinates very 
frequently, especially during the night. The urine is very dark-colored, rather 
reddish sometimes. No visual disturbances. He has slight headache. The chief 
complaint is swelling of the legs, and frequent micturition. 

Physical Examination.—The patient was a well-nourished young man without 
dyspnea, cyanosis, or edema. He was moderately prostrated; his skin was pale 
and the tongue coated. The heart was not enlarged; there were no murmurs, and 
the action was regular and forcible. The second aortic sound was slightly 
accentuated. Pulse: slight increase in tension; the vessel walls were palpable 
but soft. No edema. On admission, the blood-pressure was 160; it fell in four 
days to 130; and after that varied between 110 and 130. On admission, the 
patient’s urine contained 10 per cent. of albumin by volume. A few hyaline and 
granular casts, a few leukocytes, and also some epithelial casts were found. The 
specific gravity varied between 1.008 and 1.020. After May 26, no more than 
a very faint trace of albumin was found. 
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The patient received no drugs and was on regular diet. During the period 
from June 5 to June 20 he was given very large amounts of water which, as the 
chart shows, were well excreted. From June 21 to June 29 he was told to follow 
his inclinations in regard to the amount of water taken, and from June 30 to 
July 2 his fluids were again increased. On June 26, 29 and 30, and July 1 he was 
given an additional amount of 10 gm. of sodium chlorid daily. This was followed 
by no increase in weight, and during the days following the administration of 
the extra salt the excess was completely excreted. During four days on regular 
diet the average excretion*® of sodium chlorid was 11.4 gm. During eleven days 
in the course of which 40 extra gm. of salt were given, the total excretion of 
sodium chlorid was 188 gm. Deducting the 40 extra grams the average excretion 
for this period would be 13.4 gm., showing that the kidneys were able to excrete 
quantitatively all the excess, though its elimination was somewhat delayed. 

CasSE 2.—Patient.—C. H. (No 82,055), a German butcher, aged 44, who was 
admitted to the service of Dr. Janeway on July 9, 1910. The patient’s family 
history was irrelevant. He had had measles in childhood, Neisser infection twice 
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Chart 2.—Chlorid determinations in nephritis (Case 2 A, B, C and D as 


in Chart 1. 


in early youth, and lues ten years ago. He takes six glasses of beer a day and 
some whiskey, and smokes six cigars. His general health has always been good. 

Present Illness.—Six or seven weeks ago he noticed that his feet and legs were 
getting swollen, and later on his thighs, abdomen, and scrotum developed the 
same condition. At times there was pufliness about the eyes. He continued to 
work until three weeks ago, when he went to bed and has remained there most 
of the time ever since. His physician examined the urine frequently and told 


3. Chlorid determinations by Mr. George M. Goodwin, Columbia University 
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him he had kidney disease. The chief complaint was swelling of the abdomen 
and legs. 

Physical Examination.—The patient was a large, well-nourished man. He 
did not appear prostrated, showed very slight dyspnea, and no cyanosis. The 
pupils were equal and reacted to light and accommodation. The tongue was 
coated; the teeth were in good condition. The apex impulse was not seen, but 
was faintly felt in the fifth space, five inches from the midline. The right border 
appeared to be 1 inch to the right, the left border 5 inches to the left of the 
midline. The sounds were of good quality; no murmurs or accentuations were 
made out. The heart action was regular. The pulse was of fair force, the tension 
125 mm. Vessel wall not felt. Lungs: At the right base posteriorly there was 
dulness from the angle of the scapula down, with diminished breath sounds and 
voice Fremitus came through. The abdomen was soft; the liver and spleen 
were not felt. There was marked edema of both legs, extending slightly up as 
far as the thighs. 

On admission, the patient’s urine contained 30 per cent. of albumin by volume, 
with a few hyaline casts. On July 12, it contained 60 per cent. of albumin, and 
after that date the amount steadily decreased until at the time of discharge there 
was only a trace. The specific gravity was 1.020 to 1.024. There was no sugar. 
Hyaline casts were always present. The diet was the hospital salt-poor diet 
(containing 3.25 gm. of sodium chlorid* per day) with no restrictions as to the 
amount of water taken. No drugs were given, except an occasional cathartic. 
The edema steadily decreased, at first rapidly, later more slowly, but on August 
1, when the patient was allowed to leave his bed, there was very slight edema 
left over both tibia. 

In this instance, in which no treatment was resorted to except the diet and 
the rest in bed, in a little over three weeks the patient’s weight fell from 83 to 
76 kilograms; the edema disappeared, and the chlorid output was greater than 
the intake. The kidneys are apparently still fairly permeable to sodium chlorid, 
and there is a strong likelihood that careful management of the patient’s chlorid 
metabolism would do much to prevent further exacerbations. 

Case 3.—Patient.—A. J. (No. 81,447), an Irish laborer, aged 50, sent into 
St. Luke’s Hospital by Dr. A. W. Hollis, and admitted on May 16, 1910, to the 
service of Dr. Norrie. The family history is irrelevant to the present condition. 
For the past fifteen years he has had “rheumatism” every winter. Formerly the 
attacks were accompanied by pain, but of late there has been only swelling and 
impairment of function. There was a luetice infection about thirty years ago, 
treated and said to have been cured; Neisser infection denied. There was an 
infection of a finger twelve years ago. The patient’s general hygiene is good. 
He takes tea twice a day; no coffee, and until the beginning of present illness 
eight to nine glasses of beer daily. For the last two years his appetite has been 
poor, but otherwise the patient has felt well. 

Present Illness.—About one month before admission, the patient began to 
suffer from anorexia, nausea, and morning vomiting, which he relieved by taking 
a glass or two of whisky. Three weeks before admission his legs began to swell, 
there was puffiness of the left cheek and eyelids, and edema of the scrotum. No 
pain or urinary symptoms. Ten days before admission a severe headache lasting 
three days compelled him to stop work for two days. Some days before admission 
he “caught cold,” had two chills, coughed with slight expectoration, and suffered 
from shortness of breath. During the past month he has been able to work only 
at intervals. The chief complaint is swelling of legs, shortness of breath, and 
morning vomiting. 


4. Chlorid determinations by Mr. Harbeck Halsted, Columbia University, 1911. 
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Physical Examination—The patient presented moderate edema of the lower 
extremities and about the trunk. There was slight cyanosis of the finger-tips, 
but no dyspnea. The apex-beat was in the fifth interspace, 6 inches from the 
midsternal line; no superficial impulse except in the epigastrium. The sounds 
at the apex were distant, but of good quality; second pulmonic sound faint; 
second aortic sound accentuated. The action was regular and forcible; pulse 
regular, of good force; the vessel wall was markedly thickened; blood-pressure, 
176. At the apex of the left lung there was dulness, and many subcrepitant 
rales were heard immediately below the clavicle. Over both sides in front, 
sonorous and wheezing expiration; sibilant and sonorous breathing over the 
posterior chest. At both bases marked dulness, on the left side extending almost 
to the angle of the scapula. Fremitus, voice, and breathing were diminished. 
Coin sound was heard on both sides. The liver percussed slightly large, but its 
edge could not be felt. The spleen was not felt. 

During the patient’s stay in the hospital his urine usually showed a specific 
gravity of 1.020 and an albumin content of from 10 to 80 per cent. by volume. 
There was no sugar. Many hyaline and granular and a few waxy casts were 
found. On June 24, the left chest was tapped, and 1,560 c.c. of fluid removed. 
On July 11, the aspiration was repeated, and 1,740 c.c. of fluid, containing 19.1 
gm. of sodium chlorid® were removed. At a third aspiration on July 26, 2,040 c.c. 
of fluid with 14.3 gm. of sodium chlorid were removed. 

The treatment comprised the administration of digitalis, short periods on 
glonoin and diuretin, and hot packs, given from June 21 to July 11. On June 
6 the hospital salt-poor diet was begun. On August 1, the patient came under 
the charge of Dr. Hollis, and a week of regular diet, begun on August 31, was 
accompanied by a gain in weight of 4 kilograms with the appearance of edema 
in the legs. A return to the salt-poor diet caused a prompt fall in weight, and 
on September 29, the patient was discharged weighing 73 kilograms, with slight 
edema of the legs and signs of fluid in the left chest. 

The changes in the patient’s condition observed while under the salt-poor 
régime may be summarized as follows, without of course attempting to ascribe 
them to this particular factor of the treatment: The blood-pressure dropped 
from the neighborhood of 200 mm. to the neighborhood of 140 mm., and remained 
there. The weight fell from 86 kilograms to 73 kilograms, the weight of the 
chest fluid removed at three tappings amounting to about 5 kilograms. The 
urine quantity remained fairly constant between 1,200 and 1,500 ¢.c. The urinary 
chlorids fell from about 5 gm. to about 2 gm., showing a retention of something 
over 1 gm. daily. This amount was probably accounted for by the amount stored 
up in the pleural effusion, as the fluid removed in the two instances in which the 
chlorin content was determined represented about 33 gm. of sodium chlorid. 
In the case of this patient, therefore, while a considerable reduction in edema 
was effected, still it was slow and not sufficient, as shown by the recurrence of 
the pleural effusion; and there was evidently pronounced impairment of the 
excretory capacity of the tubular epithelium. 

In the accompanying table the sodium chlorid content of some of the 


6 


commoner foodstuffs is given. The figures are from Strauss,® and apply 


to the substance in its raw, unprepared state. 


5. Chlorid determinations by Mr. John A. Vietor, Columbia University, 1911. 

6. Strauss, H.: Praktische Winke fiir die chlorarme Erniihrung. Berlin, 
1910, S. Karger. This contains very complete tables of analyses as well as many 
useful directions for the preparation of salt-poor diets. The most recent exposi- 
tion of Widal’s views, as well as a good bibliography, is to be found in Widal 
and Lemierre: Die diiitetische Behandlung der Nierenentziindungen, Ergebn. d. 
inn. Med. u. Kinderh., 1909, iv, 523. 
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§ PARLE oF Soptum CHLORID CONTENT OF COMMONER FOODSTUF! 
Food Per cent Food Per cent 
: Mutton 0.17 Gelatin 0.75 
Veal 0.13 Eggs, whole without shell 0.21 
Veal kidney 0.32 Milk 0.16 
Calves’ liver 0.14 Cream 0.13 
Beef, lean 0.11 Butter, salted 1.0 -3.0 
Pork, lean 0.10 Butter, unsalted 0.02-0.21 
Trout 0.12 Swiss cheese 20 
Codfish 0.16 Edam cheese 3.30 
Salmon 0.061 Bread, wheat 0.18 
Sole 0.41 Bread, rye 0.18-0.59 
Halibut 0.30 Oatmeal 0.29 
5 Mackerel (7.28 Celery 0.25-0.49 
E Duck 0.14 Cauliflower 0.05-0.15 
Goose 0.20 lomatoes 0.1] 
Chicken 0.14 Cabbage 0.11-0.44 
rurkey 0.17 Lettuce 0.12 
Oysters, washed in fresh water.0.52 Most othe ereals, vegetabl 1its 
nd nuts ess an 0.1 
; 680 Madison Avenue. 
: 
j 
; 
: 
: 
; 








STUDIES ON WATER-DRINKING: 
V. INTESTINAL PUTREFACTION DURING COPIOUS AND MODERATE WATER- 


DRINKING WITH MEALS * ? 


W. M. HATTREM anp P. B. HAWK, Pu.D. 
URBANA 


In a previous paper from this laboratory (by Fowler and Hawk) data 
were presented indicating that copious water-drinking with meals was 


accompanied and followed by a decrease in the bacterial content of the 


feces. It was there shown that during a preliminary period in which a 
uniform diet was supplemented by a small water ration, that 5.3 gm. of 
dry bacteria was excreted per day, a value which was decreased to 4.6 gm. 
per day during an interval of five days in which the water ingestion was 
increased 1,000 c.c. per meal. Furthermore, data were presented which 
showed a further decrease in the daily output of bacteria during a post- 
water period of low water ingestion, the daily value for this period being 
3.3 gm. In keeping with the figures for the excretion of bacterial sub- 
stance in the feces were the results secured for bacterial nitrogen. These 
data showed a daily excretion of 0.48 gm. of bacterial nitrogen during 
the water period as against the higher excretion of 0.58 gm. for the 
preliminary period and the lower excretion of 0.38 gm. for the final 
period. Later experiments on other subjects? have verified these findings. 

From the data above outlined it was evident that copious water- 
drinking with meals had brought about a decreased excretion of fecal 
bacterial substance. The logical explanation for this decreased output 
of bacterial substance during the days of increased water ingestion seemed 
to us to rest on the fact that the presence of the large volume of fluid 
in the intestine rendered a more rapid absorption of the digestive prod- 
ucts possible. This being true, the microorganisms present in the intes- 
tine would be in contact with the nutritive matter of the intestinal con- 
tents for an interval of time shorter than normal. ‘Therefore these 
bacteria would be more poorly nourished during the water period, thus 
decreasing the amount of bacterial substance and producing a lowered 


*From the Laboratory of Physiological Chemistry of the University of Illinois. 
1. The earlier members of this series were published as fellows: 
I. Hawk: Univ. Penn. Med. Bull., 1905, xviii, 7. 
II. Fowler and Hawk: Jour. Exper. Med., 1910, xii, 388. 
III. Rulon and Hawk: Jour. Am. Chem. Soc., 1910, xxxii, 1686. 
IV. Rulon and Hawk: The Excretion of Chlorids Following Copious Water- 
Drinking with Meals, Tue Arcuives Int. Mep., 1911, vii, 536. 
2. Mattill and Hawk: Reported before the American Physiological Society, 
1909. 
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output of total bacterial nitrogen. Whether or not there was an accom- 
panying decrease in the actual number of fecal bacteria during the water- 
drinking interval was not determined. It is entirely possible that the 
water caused not only a lessening of bacterial substance but an actual 
decrease in the number of bacteria excreted per day.* 

After verifying with other subjects the finding of a lowered output 
of bacterial substance under the influence of copious water-drinking with 
meals, we next turned our attention to the question of a possible relation 
existing between this lowered bacterial output and the course of intes 
tinal putrefaction. In other words, if water taken in large quantity at 
meal-time brought about an inhibition of the growth or activity of the 
intestinal flora, was this inhibitory influence exerted on the indol-forming 
organisms such, for example, as B. coli and Bacterium welchii, thus 
initiating a lowered intestinal putrefaction or was the principal 
force of the influence exerted on the non-indol-forming organisms? In 
keeping with the suggestion of Folin® and others, we were willing to 
accept the extent of the absorbed intestinal indol, measured by the indi 
can content of the urine, as representative of the course of intestinal 
putrefaction. 

EXPERIMENTAL DATA AND COMMENTS 

Experiments of three kinds were conducted. The influence of copious 
water-drinking with meals was first investigated. This was followed by 
a study of the influence of moderate water-drinking, and finally copious 
water-drinking by a man accustomed to drink large volumes of water at 
meal-time was investigated. 


The urine was collected in twenty-four-hour samples. The feces were 
also passed regularly once a day. This latter feature is of prime impor- 
tance in experiments in which determinations of urinary indican are to 
be made, inasmuch as retention of feces would naturally be followed by 
the absorption of added quantities of indol and a consequent increased 
output of indican. The urine was examined for indican according to the 
quantitative method of Ellinger,® and for ethereal sulphates according to 
the method of Folin. 

Ellinger’s Method for Indican.—There is at present no method for 
the quantitative determination of indican which can be said to be abso 
lutely reliable. Ellinger’s method as used in these experiments is accepted 
to-day as the most accurate, but even this method has its sources of error. 
The method employed is as follows: 

Fifty e.c. of urine are placed in a small beaker and if neutral or alka 
line in reaction is made faintly acid with acetic acid. Five c.c. of basic 

This problem is to be investigated. 


3. 
5. Folin: Am. Jour. Physiol., 1905, xiii, 99 
6. Ellinger: Ztschr. f. Physiol. Chem., 1903, xxxviii; 192. 
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lead acetate’ is then added to precipitate the inorganic matter and pig- 
ment, after which the solution is mixed well and filtered. Forty c.c. of 
the clear filtrate are transferred to a separatory funnel, an equal volume 
of Obermayer’s reagent (from 2 to 3 gm. ferric chlorid per liter concen- 
trated hydrochloric acid) is added and the indigo thus formed extracted 
with chloroform. This extraction with chloroform should be repeated 
until the chloroform solution remains colorless. The chloroform extracts 
are filtered through a dry filter-paper into a dry Erlenmeyer flask. The 
chloroform is distilled off, the residue heated on a boiling water-bath for 
five minutes in the open flask, and the dried residue washed with hot 
water until the water is no longer colored. Concentrated sulphuric acid 
(10 e¢.c.) is added to the washed residue, which is then heated on the 
water-bath for from five to ten minutes, diluted with 100 c.c. of water 
and the blue solution titrated with a very dilute solution of potassium 
permanganate. The end-point is indicated by the dissipation of all the 
blue color from the solution and the formation of a pale yellow color.* 

In making up the permanganate for titration an approximate 0.3 per 
cent. solution was first prepared. This stock solution was then diluted 
with forty volumes of water, as suggested by Wang.® The dilute solution 
was then standardized and employed in the titration.’® One c.c. equalled 
0.176 mg. indigo. 

In starting these experiments, 50 c.c. of urine were used. The chlo- 
roform extract appeared thick and seemed full of small globules, 
which were so persistent that the solution would not filter. Some of 
these small globules were examined under the microscope and were 
found to contain beautiful blue crystals which were identified as 
indigo crystals. The solution, when evaporated without filtering, left a 
heavy brownish residue in the flask which could not be washed out with- 
out loss of indigo. This residue was due to small amounts of the super- 
natant liquid being entrapped between the globules of the chloroform 
extract and drawn off with it. This difficulty was finally overcome by 
using only 25 ¢c.c. of urine and diluting it to 50 c.c. When urine from 
moderate water-drinking experiments was employed, 50 c.c. could be used 
without any difficulty. On the other hand, urines from the copious water 
periods were concentrated in order to insure the presence of enough 
indigo to make a satisfactory determination. Another difficulty we expe- 
rienced was in getting a good blue solution in the chloroform. It was 
noticed in the first experiments that the chloroform solution was a bluish- 


red color. The residue, after the chloroform was distilled off, was reddish- 


7. U. S. Pharmacopeia. 

8. Hawk: Practical Physiological Chemistry, third edition, p. 38 

9. Wang: Ztschr. f. physiol. Chem., 1898, xxv, 409. 

10. We are grateful to Dr. F. P. Underhill of Yale University for his courtesy 
in furnishing the pure indigo used by us in this standardization. 
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brown, and on being dissolved in sulphuric acid and diluted with water, 


gave a red solution which could not be titrated with potassium perman 


ganate with any degree of accuracy. On investigation it was found that 
the source of the trouble was the thymol which was used as a urine pre- 
servative. 

Making the determinations on fresh urine before the preservat 
was used resulted in a clear blue chloroform solution which on evapora 
tion left the indigo in fine concentric circles on the bottom of the flask. 
It was very easy now to wash this residue without the danger of loss of 
indigo. Failure to wash the residue properly left some of the red color 
ing-matter, probably isatin,’! which gave the solution which was to be 
titrated either a greenish or turbid blue appearance. This somewhat 
hindered the determination of the delicate end-point. 

Methods for the determination of indican have been reported by vari 
ous investigators, including Bouma, Folin and Imabuchi.2?, Bouma 
boiled the urine with hydrochloric acid containing isatin, thereby chang 
ing all the indoxyl of the urine into indigo red. Much of the other detail 
was the same as Ellinger’s method. He finally titrated a red solution 


against permanganate, which certainly is anything but satisfactory as 


regards the securing of a visible end-point. He reports the formation of 


¢ » } } 


crystals of indigo red in the examination o nes of high indican con 
tent. 
Folin used practically all of Ellinger’s method except the final dis 


solving in sulphuric acid, dilution and titrating. He extracted the ind 
with 5 c.c. of chloroform and then determined the amount colorimetric- 
ally by a comparison with Fehling’s solution which he gave an arbitrary 
value of 100. The comparisons were made by means of a Duboscq color 
imeter. In our experience this procedure does not vield as satisfactor 
results as the method of Ellinger. The procedure of Folin has not vet 
been placed on a strict quantitative basis. 

Imabuchi conducted his method in much the same manner as did 
Ellinger, except that he used a few cubic centimeters of a 10 per cent 
solution of copper sulphate with 40 c.c. of concentrated hydrochlo1 
acid to oxidize the indican to indigo blue, whereas Ellinger used Obe1 
mayer’s reagent. By an exhaustive series of experiments, he showed 
that with copper sulphate it was possible to obtain more indigo, and 


it was not necessary to extract immediately with chloroform as was th 


case when Obermayer’s reagent was used. His results varied or 
slightly after the solution had stood for a period of ten minutes, wher 


longer standing caused ] wer results. He also determil ed t] at the hest 


amount of 


copper sulphate solution (10 per cent.) to use was between 1 

11. Ellinger: Ztschr. f. physiol. Chem., 1903, xxxviii, 192 

12. Bouma: Ztschr. f. physiol. Chem., 1901, xxxii, 82. Folin: Am. Jour. of 
} 


Physiol., 1905, xiii, 53. Imabuchi: Ztschr. f. physiol. Chem., 1909, Ix, 502 
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and 3 «.c., 0.5 ¢.c. being insufficient to oxidize all of the indican to indigo 
and 5 c.c. causing superoxidation. He asserts that excess of reagent is 
less harmful in the case of copper sulphate than with Obermayer’s 
reagent. 

A few parallel determinations were made in connection with our 
experiments, in which the efficiency of Obermayer’s reagent was compared 
with that of copper sulphate. The results obtained by us were practic- 


ally the same in each instance. 


TABLE 1.—INDICAN OUTPUT AS AF- TABLE 2.—INDICAN OUTPUT AS AF- 
FECTED BY CoPpIoUuS WATER- FECTED BY MODERATE WATER 
DRINKING WITH MEALS DRINKING WITH MEALS 
( Subject Ww) ( Subject Ww) 

No. of Urine Indican Ethereal No. of Urine Indican 
Day e.c. (Mg.) SO,(gm.) Day ¢.c. (Mg.) 
PRELIMINARY PERIOD PRELIMINARY PERIOD 
! 888 38.0 0.1409 l. 740 54.2 
2 945 40.1 0.1273 2. 807 41.4 
Ay 39.1 0.1341 he 77 Pr 

AY. " 

ee . a a" f MODERATE WATER PERIOD ™ 
. 3110 36.9 = 0.1880 aan 2086 40.2 

4 4570 25.3 0.1618 - 9210 
5 4230 28.5 0.1257 mo 2418 = 
6 3810 40.9 0.1446 o . a <6.8 
7. 3300 «45.5 = 0.1497 ae rene pred 
Av ‘ 33.4 0.1460 9. 1660 39 5 
FINAL PERIOD i 1800 42.6 
8 1100 33.6 0.1580 ie 2336 41.5 
9 930 22.6 0.1489 12. . 2942 448 
10 965 24.8 0.1545 “ee 1720 34.7 
Av 27.0 0.1538 Ay. . et 42.5 
THREE MONTHS LATER FINAL PERIOD 

l 578 36.9 si 1370 68.8 
2 710 31.7 ; . - 760 46.5 
3 825 30.2 — < 781 47.6 
4 715 43.6 oi. « 700 42.4 
5 828 40.7 ‘ ae 783 40.8 
6 785 44.6 19. . 650 40.6 
 # 772 32.1 _ *< 760 55.8 
Av 37.1 . oe 793 60.9 
ae 690 45.6 
33. . 757 35.1 
7. 677 42.1 
oe 757 49.2 
Av 47.9 


l. INFLUENCE OF COPIOUS WATER-DRINKING 
The subject of this experiment (W) was a man 26 years of age. Nitrogen 
equilibrium was secured through the feeding of a uniform diet, the menu for 


each of the three meals of the day being as follows: 


Graham crackers ‘ 150 gm. 
Peanut butter 20 gm. 
Butter 25 gm. 
Milk 450 ¢.c. 


Water 100 c¢.c. 








) 
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Three additional volumes of water of 200 c.c. each were taken at 10 a. m., 
3 p. m., and 8:30 p. m., respectively. The experiment covered a period of ten 





days, consisting of a preliminary period of two days, a water period of five 
days and a final period of three days. During the water period an additional 
1000 c.c. of water was taken at each of the three meals of the day 


It may be seen from Table 1 that the amount of indican in the urine 
was nearly the same for each of the two days preceding the copious water- 
drinking with meals. On the first day of the five-day water period, there 


was a decided drop in the output of indican, the lower daily excretion 


PraABLE 3.—INDICAN OUTPUT AS AI TABLE 4.—INDICAN OUTPUT AS AF- 
FECTED BY MODERATE WATER FECTED BY CoPIOUS WATER- 
DRINKING WITH MEALS DRINKING WITH MEALS 
Subject E) (Subject E) 

No. of Urine Indican No. of Urine Indican 
Day c.c. (Mg.) Day c.c. (Mg.) 
PRELIMINARY PERIOD PRELIMINARY PERIOD 
l 1065 42.1 c . 992 723 
2 937 62.0 2. 940 71.8 

1047 77.9 a. . 920 71.9 
R -. 1031 75.0 { R58 63.3 
1062 38.6 ms « 980 57.4 
t 1143 94.5 Ay 67.3 
7 1301 105.3 me ’ 
g 1250 58.2 COPIOUS —— ” 
6 4550 30.9 
Av. : 69.2 - li wane as 
: Sx 53 
MODERATE WATER PERIOD ins —— o , 
9 2192 51 ; Ss 5220 56.0 
10 : 2465 45 = 9. . 4530 48.0 
il. . pe <7 6 10 1850 52.6 
mete 7i.U - 
12 2110 60.6 AN 54.1 
13 7 2990) 26.9 FINAL PERIOD 
14. 2760 37.7 ll. . 970 60.6 
 -. 1745 50.8 ih -« 1009 68.3 
16. 2277 46.6 . 880 75.8 
17. 2078 49.9 Av 68.2 
4 1090 52.1 
Av. 47.9 
FINAL PERIOD 
19. 870 57.5 
20 885 53.8 
2) 945 61.1 
22 998 69.8 
Av 60.5 


continuing with but slight variation for three days. The last two days 
of the period show, on the other hand, marked increases which, however, 
did not continue into the final period. The results for the final period 
agree fairly well with those of the first three days of the copious water 
period, showing that the effect of the copious water must have been cai 
ried over into this period. The effect is better observed by noting the 
average values for each period. The average for the copious water period, 
33.4 mg., was lower than that of the preliminary period, 39.1 mg., thus 


indicating that copious water-drinking with meals decreased intestinal 
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i ~4 


faction. The average for the final period (27.0 mg.) was lower 


period, showing that the effects of the 


nat of the copious water 
| water ingestion persisted even after the water quota had been 


increased 
reduced to the preliminary level. 

This point is shown very nicely by an examination of Table 1. After 
the completion of the experiment on copious water-drinking, Subject W. 
on his return to the usual mixed diet, drank rather larger quantities of 
water at meal-time than had been his custom previous to the time he 


Three months later, as we wished to 


served as a subject in our tests. 
learn the exact reaction of his organism as regarded intestinal putre- 


faction when he was ingesting a diet of the same character as that 


employed in our water study, this individual was placed on such a diet 
; ‘ 


and the urine examined. The data show that the daily average value for 


this seven-day period was 37.1 mg. as against 39.1 mg. for th period 


under the same conditions three months previous. There was, therefore, 


slightly less intestinal putrefaction. It is of interest to note also that 
as obtained was considerably higher than the daily average for 
This 


tht be interpreted as indicating that the markedly inhibited putref 


degrees above this final value during 


} 9* 


al f the copious water-drinking study, i. e., 27 mg. 
iC- 


processes had been augmented by 
since the copious water ingestion, bu ‘ he conditions su 


tl 1s excess 


un processes 


water as to req 
enabled to assume t 
', as Baumann and ot 
index of 


| during which indican detern 


- the pre 


| reliminary 
showed an in 


rage for the 


1., While the general average f 


' the copious water period. 


ethereal sulphate data with the indica 


he same urine f; to reveal any uniformity in the rate of excret 
e two instances, | 
} 


and are still further depressed in the post-water interval, two observa 
] 


‘ I 


itrefaction. On the other hand, the output of total ethereal sulphate 


13. These determinations were made by Mr. M. J. Eames 


The indican values decreas: during the water period 


tions which have been interpreted as indicating : progressively decreasing 


r 
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reased during the water period and still further increased during 


period following the water. In other words, the course of the « 


sulphate excretion is directly opposite to that of the indican.™* It 
logical to conclude, therefore, that they cannot correctly be considered as 
indexes of the intensity of the same metabolic process. This point is all 


the more significant when we consider that indican is itself an ethereal 


sulphate and therefore forms a part of the total output of this form of 


sulphur; hence the increase in the other forms of ethereal sulphates, 
except indican, was greater than the data show, inasmuch as the increase 
occurred during an interval in which the indican was considerably les- 


ts lead us to believe that the statement that 


sened in amount. These resul 
the ethereal sulphates may be taken as an index of intestinal pu 
is incorrect 

II. INFLUENCE OF MODERATE WATER-DRINKING 


Following the investigation of the course of intestinal putrefaction as influ 
enced by copious water-drinking with meals, a secend experiment was under 
taken, in which the topic of moderate water-drinking was under consideration 
The added volume of water daily ingested with meals was only one-half that 
ingested per day during the study of copious water drinking, «. e., 500 ¢.c. This 
volume was deemed representative of so-called moderate water-drinking. Two 
subjects were employed, one of whom, W, had already served as a subject in the 
copious water-drinking experiment. The other subject, E, was accustomed to 
drinking rather large amounts of water with meals. In fact, throughout the 
course of the investigation he frequently said that he was ingesting less water 
than he customarily ingested when living on an ordinary mixed diet. The experi 
ment on this subject, E, may, therefore, be considered as embracing the study 
of the influence of moderate water-drinking with meals on a confirmed water 
drinker. The daily program of the experiment was similar to that of the experi 
ment on copious water-drinking 

Subject W ingested the following diet three times daily 

Graham crackers 

Butter 

Peanut butter 20 gm 
Milk 100.1 
Water 100 ex 


An additional volume of 200 c.c. of water was taken at 10 a. m., 3 p. m., and 
8 p. m., respectively. His experiment was divided into a preliminary period of 
three days, a ten-day period of moderate water-drinking, and a final period of 
twelve days during which the same conditions were in force as during the pre 
liminary period 

Subject E used a similar d lready mentioned in connection wit! 
W, with the exception that E’s menu contained twenty-five grams of graham 
crackers additional per meal. He also drank an additional 200 ¢.c. of water at 
10 a. m., 3 p. m. and 8 p. m. The experiment covered the same number of 
days as the experiment on W, but the periods were divided somewhat differently 
It consisted of a preliminary period of eight days, a moderate water period of 
ten days, and a final period of four days. 


14. Salant and Hinkel (Jour. Pharmacol. and Exper. Therap., 1910, 
have recently made a similar observation in connection with a study 


influence of alcohol 
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It may be seen from Tables 2 and 3 that there was a decrease in the 


il 


average daily output of indican from the preliminary periods to the mod- 


water periods of both subjects. Also in both cases there was a 


e as soon as the original low water ingestion was 
» case of W, for instance, the average preliminary output 


.3 mg. per day, a value which was lowered to 42.5 mg. under the 


the moderate water-drinking. When the low water ingestion 


rain instituted, on the first day of the final period, there was an 
the indican output for followed by three days in 
itput was below the | : ‘the water ni 


final period into consideration, we obtain a dai 


compared with one of 4: g. for the preliminary period. 
calculate on the basis of the last four davs of the final 
ire an average of 43.0 mg., which is lower than the pre- 


and practically the same as the daily output for the water 


from Subject W indicate that moderate water-drinking 


hibitory influence on intestinal putrefaction. However, on 
lrawal of t! ridden ater from the dict, the inhibitory factor 
removed, there was no check to intestinal putrefaction and 
ch had been held in inhibition by the water, evident], 


sway. This was noted during the first part of the final 


period progressed, however, conditions surrounding the 


tions became altered to such an extent as to vield an 
value of practically the same magnitude as that secured 


uring the water period. 


From a comparison of Tables 1 and 2, ill] en that on the 
same subject, W, the effect of moderate amounts of water with meals was 


not as pronounced as with the copious water-drinking. In the copious 
water experiment, there was a gradual decrease in the total daily output of 
i which did not increase during the final period. In the moderate 


Ae 
water experiment the amount of indican exer laily decreased slightly 


g the water period. There was then an increased output during the 

f the final period which was not shown in the copious water 
riment. These facts seem to indic: that there was less intestinal 
itrefaction during the copious ingestion of water with meals than when 


using only a moderate amount of water. Although there was a notice 
able decrease during the moderate water period, the average daily output 
varied only slightly from that of the preliminary period, showing that th 


moderate amount of water did not have the pronounced effect which was 


idence during the experiment on the copious water ingestion. 


Subject E (Table 3), showed a more pronounced effect with moder- 


ate water ingestion than did Subject W. From an average daily excre- 


Gali 





HATTREM 


moderate water period 

copious amounts of water 
lower water ingestion during th 
increased the 

water-drinki 

may be the true explanati 

that the adde 

was no more 


increas 


not recei 

esses 

as the 

itory influence of rate water-drinki 
The average dailv o it of indi 

greater than that of 

be due to the factor of 

by Herter? tl 

tract varies 


percentage 


ATER-DRINKING 


ly been mention 
large volumes of water at meal time. For 


secured from copious water ingestion by him migh eld interesti 
particularly when taken into comparison with similar dat: Lined 
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15. Herter: Bacterial fections of the Digestive 
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the period decreased again with an average for the period of 54.1 mg., 


showing a rather pronounced diminution of intestinal putrefaction dur- 
ing the ingestion of large amounts of water. The output of indican 
during the final period increased with an average daily excretion of 68.2 
mg., a value slightly higher than the preliminary value. 

Again, it is shown that the ingestion of large amounts of water with 
meals decreases the putrefaction in the intestinal tract. Here, as in the 
case of moderate water-drinking, the putrefactive processes were much 
more active in the case of Subject E than in the case of Subject W. In 
fact, this variation in the reaction of the two organisms in this respect 
was not limited to the water period, but was markedly in evidence 
throughout the various portions of the investigation. An interesting 
fact is -brought out when the percentage decreases in the output of 
indican during copious water-drinking are calculated for Subjects E and 
W. Notwithstanding the actual output per day was greater in the case 
of E, the percentage decrease brought about in the indican excretion 
through the ingestion of the large volume of water was greater in his 
case. The values were 19.6 per cent. decrease for Subject E against a 
decrease of 14.6 per cent. for Subject W. It will be remembered that 
the diet was practically the same for the two subjects, the only variable 
factor being the water, of which W ingested 3,000 c.c. additional per day 
during the water period, whereas E’s added intake was 4,000 e.c. The 
latter subject also ingested 150 c.c. less of milk per day than did W. It 
may be that this extra liter of water ingested by E over that taken by W 
may have been the efficient factor in causing a more marked lessening of 
intestinal putrefaction in the case of that individual. We would not 
expect, a priori, however, that the ingested water would prove as efficient 
in this regard in E’s organism as in that of W, inasmuch as the former 
was an habitual water-drinker. 

The pronounced increase in the output of indican on the third day 
of copious water-drinking by Subject E has already been mentioned. 
When this value was first obtained it was deemed incorrect, and the urine 
was again analyzed. Repeated analyses yielded similar values. An 
explanation was finally found when the feces data’® were examined. These 
data showed that the average daily output for this subject had been about 
135 gm. of moist feces per day for a long period previous to this time. 
On the first day of water-drinking the output was only 90.3 gm., whereas 
on the second day the output was only 37.2 gm. There was, therefore, 
evidently a retention of feces in the intestine, for on the next day, the 
third of water-drinking, a stool weighing 249.4 gm. was dropped. On 
the dry basis, conditions were similar to the above, as the data indicate 


16. The feces data were taken from some unpublished results of Mathies and 
Hawk. 
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that the average normal output of dry feces per day had been about 32 
em. for some time. Under the influence of water this value was decreased. 
progressively to 18.2 gm. and 10.2 gm. on the first two days of water- 
drinking, values which were followed by an output of 58.8 gm. of dry 
matter on the third day. Inasmuch as the urine sample tabulated as the 
urine of the third day of water-drinking was the urine collected between 
7:15 a. m. on the third day and 7:15 a. m. on the fourth day, 
and further, inasmuch as the third stool of the water period which we 
have mentioned as weighing 249.4 gm. and having a dry matter 
content of 58.8 gm. was also passed on the morning of the fourth 
day of water-drinking, it is evident that this large mass of feces was 
in the intestine during the interval in which the urine of the high 
indican content was being passed into the bladder. The undue reten- 
tion of this fecal mass gave more opportunity for the indol-forming 
bacteria to complete their task, thus causing the ultimate passage of an 
extra quota of indican into the urine. 

A case very similar to this occurred during the moderate water- 
drinking experiment on Subject E (see Table 3). On the fifth day of 


low output of indican, far 


the preliminary period there was an extremely 
lower, in fact, than for several days preceding and following. An exam- 
ination of the feces data showed that on the fourth day of the period a 


stool weighing 193.9 gm. was passed, whereas the stool for the fifth dav 


weighed only 76.9 gm. and was followed on the sixth day bv a stool 
weighing 207.7 gm. The drv weights of the stools for these davs were 
17.8, 20.1 and 47.3 gm. respectively. Thus, from the same reasoning as 
that advanced above, it is seen that the lower output of indican on this 
fifth day must have been due to the fact that on the fourth day of the 
period the intestine was more completely evacuated than usual, as shown 
by the defecation of a stool weighing 193.9 gm. as against an average of 
] 


135 gm. for the period. This unusually large output of feces, therefore, 


left but a comparatively small amount of residual matter within the 
intestine. The indol-forming microorganisms, consequently, were not 
able to produce the customary daily quota of indol and the low value for 
urinary indican was the result. 

The last stool passed during the moderate water-drinking period of 
Subject W and the stool passed on the third day of the copious water 
drinking period of Subject E were both acid in reaction to litmus. W’s 
stool weighed 152.7 om. against an average o1 tput of 105.3 gm. The 
stool was thus about 50 per cent. larger than the average daily output. 
Notwithstanding this fact, however, the indican output for the corre 
sponding urine was only 34.7 mg., the lowest daily output for the period 
The acid reaction of the intestinal contents during the time the BP. coli, 


Bacterium welchti and other indo! formers were producing the indol 
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output evidently lowered the efficiency of the microorganisms in this 
respect. Hence less indol was available for subsequent detoxication, 
conjugation and final elimination as the indoxy] potassium sulphate. 

In the case of the acid stool in E’s water period, the conditions were 
somewhat similar. This stool was passed about fifteen hours sooner than 
it should have been in the usual course of events. On the morning of 
the day in question, a stool weighing 74.7 gm. was passed and in the 
afternoon a stool weighing 258 gm. and possessing an acid reaction was 
dropped. There were, therefore, 332.7 gm. of feces passed during the 
day as against a daily average of 152.5 gm., yet the urine corresponding 
to this fecal output showed an indican value of but 48.0 mg., which was 
nearly 50 per cent. lower than that of the previous day. Two factors 
evident!y were instrumental in bringing about this result. In the first 
place, the stool was defecated fifteen hours sooner than usual, thus leav- 
ing a shorter interval for the microorganisms to accomplish the putre- 
faction of the protein residues ; and, in the second place, the acid reaction 
of this stool would tend to lessen the efficiency of these bacteria even 
during the shortened time at their disposal. These two factors easily 
account for the markedly lessened indican output. In this connection, 
we would call attention to the fact that during the water periods of these 
experiments excessive amounts of hydrochloric acid were poured into the 
intestine through the influence of the water in stimulating gastric secre- 
tion.**7 This factor might further diminish the efficiency of the indol- 
forming bacteria. 

The relation existing between the character of the ingested diet and 
the character, growth and development of the intestinal bacteria on the 
one hand, and the variation in the reaction of the intestinal contents on 
the other, coupled with the further relation which these factors bear to 
the course of intestinal putrefaction, combine to form an interesting and 
important problem.’* Herter’® reports important findings closely allied 
to this question. Bacteria of various sorts were injected directly into the 
small intestines of dogs and the course of intestinal putrefaction observed. 
It was found that B. coli and B. proteus brought about increased putre 
factive changes whereas the injection of lactic acid bacteria caused a 
lessening of these processes. This furnished a very nice demonstration 
of the inhibitory influence of acid on the rate of intestinal putrefaction. 
Very recently Herter and Kendall** have reported some interesting find- 
ings on the influence of dietary alterations on the intestinal flora. They 
found in certain experiments on monkeys and cats that a change from a 
protein diet (meat and eggs) to one in which carbohydrate predominated 


17. Wills and Hawk: Am. Soc. Biol. Chem., New Haven, 1910. 

18. This problem will be investigated in connection with our water-drinking 
studies. 

19. Herter: Brit. Med. Jour., 1897, p. 1898. 

20. Herter and Kendall: Jour. Biol. Chem., 1910, vii, 203 
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(sugar and milk) was followed by a change in the nature of the intestinal 
flora, a decreased putrefaction and a marked improvement in the “bodily 


and psychical well being” of the subjects. 


CONCLUSIONS 


1. The drinking of copious (1,000 ¢.c.) or moderate (500 c¢.c.) vol 
umes of water with meals decreased intestinal putrefaction as measured 
by the urinary indican output. 

2. Copious water-drinking caused a more pronounced lessening of 
the putrefactive processes than did the moderate water-drinking. 

3. In copious water-drinking the total ethereal sulphate output was 
increased coincidently with the decrease in the indican output. This 
observation furnishes strong evidence in favor of the view that indican 
has an origin different from that of the other ethereal sulphates, and 
that they cannot correctly be considered as indexes of the same metabolic 
process, 

!. When Ellinger’s method is emploved, the determination of indican 
should be made on fresh urine before any preservative has been intro- 
duced. Especially is this true when thymol is used as the preservative. 
5. The decreased intestinal putrefaction brought about through the 
ingestion of moderate or copious quantities of water at meal time is prob- 
ably due to a diminution of the activity of indol-forming bacteria follow- 
ing the accelerated absorption of the products of protein digestion, and 
the passage of excessive amounts of strongly acid chyme into the intestine. 
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containing derivatives (which are not lost on boiling) and hence we find 
that the blood can still induce certain oxidations by means of hydrogen 
peroxid even after it has been boiled.” 

It would lead us too far to enter into a discussion of these various 
oxygen-carriers here. Before proceeding further, however, the work of 


Kastle and Amoss? should be noted on the peroxidase activity of the blood 


in health and disease. These authors showed that the amount of phenol- 
phthalein oxidized by the blood was decreased in many diseases and that 
in the majority at least this peroxidase activity or oxygen-carrying power 


is proportional to the hemoglobin. 


rHE CATALASE OF THE BLOOD 


Catalase is an enzyme of universal occurrence characterized by its 
power of decomposing hydrogen peroxid into water and molecular oxygen. 
The literature on this subject both prior to the discovery of the specificity 
of the ferment by Oscar Loew* in 1901 and the more recent literature, 
have been so thoroughly collected and correlated by Batelli and Stern.‘ 


and Kastle that it will be unnecessary to dwell on it here. It will suffice 


to recall the specific activity of the blood in this regard. 
Bergengriin® demonstrated the catalase of the blood t e in the 


cellular elements, and while the white cells had a slight activity the red 
cells were most active. He was further able to show that the activity of 
the red cells was entirely independent of the hemoglobin, and that this 
latter substance had no activity after repeated crystallization. Following 
this Senter® pre pared a catalase from the blood which he called “hemase.” 
This was very active in decomposing hydrogen peroxid, but had no per 


oxidase activity. 


THE FUNCTION OF CATALASI 


The only pronert of catalase of w ch we ave an definit know! 
edge is its power of decomposing hydrogen pero | Loew was impressed 


with the wide distribution of the ferment and thought that it must have 


a specific function. He considered it possible that the catalase protected 
the cell from hydrogen peroxid which might be produced in the living 
cell as a result of the respiratory process, etc. Herlitzka has found that 
within certain limits the greater the concentration of catalase the greater 
was the concentration of peroxidase required to produce oxidation. This 


1. Kastle, J. H.: This author has recently made an exhaustive review of the 
oxidases and other oxygen catalysts concerned in biological oxidation (Hy 


sull. No. 59, p. 122, December, 1909). 


2. Kastle and Amoss: Hyg. Lab. Bulli. 31, Washington, 1906 
3. Loew: Report 68 U. S. Dept. Agri Washington, 1907 


4. Batelli and Stern: Arch. di fisiol., 1905, ii, 470 
5. Bergengriin: Inaug. Diss., Dorpat, 1888 
6. Senter: Ztschr. f. Physikal. Chem., 1903, xlix, 257. 
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would point to a protective action on the part of catalase against the 
peroxidase of the organisms. 

Schaffer, and Battelli and Stern have brought forth experimental 
evidence in favor of this view. Bach and Chodat, on the other hand, 
have pointed out that catalase cannot decompose various substituted 
organic peroxids, etc., which are more powerful oxidizing agents than 
hydrogen peroxid and unless there exist specific substances which protect 
the organisms against these oxidizing substances, it would be necessary 
to modify the theory that the function of catalase is to protec t the organ- 
ism from excessive oxidation. The essential difference between catalase 
and other catalizers, as platinum black, is in the nature of the oxygen 
liberated. Catalase liberates relatively inactive molecular oxygen whicl 
is incapable of blueing guaiac, while other catalizers liberate active molec- 
it). 
Kastle has attempted to explain this discrepancy between the ferment 


ular oxygen, which has the power of turning guaiac blue (oxidizin; 


catalase and other catalizers. 
“Thus it is readily conceivable that the catalases like the peroxidases 


J 


combine with hvdrogen peroxid to form an unstable holoxid derivative, 


K H,O, H.KO,. This might prove to be so unstable, however. 
that it would decom pose in the sense of the equation H,KO, K 
H.O +O. Before it would have a chance to effect the oxidation of any 


oxidizable substance at hand; or in the event that oxidation occurred, it 
is conceivable that the catalase, itself potassium, might be more readily 
oxidizable than guaiac or any of the peroxidase reagents, in which event 
we would have H,KO, H.O + KO. This would explain the fact that, 
while powerful catalysts, the catalases are not unlimited in their power to 
effect the decomposition of hydrogen peroxid. It is easier, however, and 
more in harmony with what we know regarding the conduct of other 
catalysts to suppose that both of these changes would occur simulta- 
neously: viz.. H,.KO,=— K+ H,0 +0 and H,KO, + guaia K 

H,O + guaiacum blue, in which event the given substance would exhibit 
the properties of both a catalase and a peroxidase, and it may be after all 
that when examined more closely, the catalases will show peroxidase 
reactions. As it is, the two sets of substances (catalases and peroxidases), 
if they are really distinct. are certainly found in the closest and most 
intimate association in both plant and animal tissues.” 
THE DETERMINATION OF THE CATALYTIC ACTIVITY OF THE BLOOD 

{S A CLINICAL DIAGNOSTIC METHOD 
I. LITERATURI 


As early as 1895 Gottstein® observed that the power of the blood to 


split hydrogen peroxid was not affected in acute diseases like severe 
7. Kastle The Oxidases, Hygienie Lab. Bull. No. 59. p. 140 


8. Gottstein: Virchow’s Arch. f. path. Anat., 1893. exxxiii, 300 
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anemias, diabetes and nephritis in man, and in anthrax and tuberculosis 
in rabbits and guinea-pigs. Gottstein simply makes the above state- 
ment without further detail. 

A series of more important observations were made by Jolles and 
Oppenheim.® These authors first determined the catalytic activity of t] 
blood of normal individuals and found that, while the vast majority were 


fairly constant, there were still occasional marked variations. They 
examined the blood of more than 100 individuals in this series and it is 
greatly to be regretted that they have omitted entirely any reference to 
the condition of the patients except that they were from Professor Fin- 
ger’s clinic. Naturally the results must lose significance without more 
precise knowledge concerning the individuals. They then examined the 
blood of twenty-seven hospital patients. They do not consider their series 
large enough to draw any general deductions especially since observations 
on the number of red blood cells and hemoglobin were not obtained. 
That, however, there may occur a marked fall in the power of the blood 
to split hydrogen peroxid is evident. This occurred in five of seven cases 
of tuberculosis, three of five cases of cancer, three of four cases of chronic 
nephritis (the lowest reading being obtained from an uremic patient). 
Three cases of diabetes were normal, as were also three cardiac cases; 
there was a marked fall in one case of catarrhal jaundice and one of 
leukemia and none in one case of sarcoma. 

More recently Dalmady and Torday'® have interested themselves in 
this work. They found the activity most often normal in anemias, but 
after severe anemias and large losses of blood there was a decrease, even 
though there was no constant relation between the grade of anemia and 
the catalytic activity. In nephritis there was a decrease, though this was 
marked only in very severe forms. In diseases of the respiratory tract 
there was no variation excepting in those cases of tuberculosis which had 
already led to severe anemia. Likewise with disease of the alimentary 
tract, there was no decline except in cancer or ulcer of the stomach which 
had caused severe anemia. But with diseases accompanied by high fever, 
pus and important disturbances of metabolism, there was always a decline. 

Dalmady and Torday do not give any detailed information of their 
cases. 

The above results are in themselves of sufficient significance to war- 
rant further work on the catalytic activity of the blood in clinical condi- 
tions. It is, however, only fair to state that the following work was 
approached from an entirely different standpoint. It is perfectly evident 
that in dealing with such an unknown factor as the catalytic activity of 


the blood where the function of the enzvme is shrouded in obscurity the 


9. Jolles and Oppenheim: Virchow’s Arch. f. path. Anat., 1905, clxxx, 185. 
10. Dalmady and Torday: Wien. klin. Wehnschr., 1907, xx, 457. 
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Further studies (Winternitz and Pratt’®) on the relation of various 
reans to t t tivity of the blood were made with the lowing 
result I ving the extirpation of many organs there is a transient 
fall in t italytic activitv of the blood. The fall is permanent after 
W. Wint und Me Jour. Exper. Med., 1908, x, 759 


12. Winternit jour. Exper. Med 1909, xi. 200 


14. Winternitz and Pratt Tour. Exper. Med., 1910, xii, 1 
15. Winternit nd Pratt Jour. Exper. Med., 1910. xii, 115 
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5488000 
5072000 
5248000 
6080000 
5160000 
4456000 
5192000 
5112000 
5496000 
5528000 
5096000 
4516000 

4448000 
4336000 
5136000 
4664000 
5483000 


Sex R.B.C. 
M. 4912000 
M. 4656000 


OF INTERNAL 


ACTIVITY 
INFANTS 


IN 


NORMAI 


UEDICINE 


INDIVIDUALS 


Catalase—c.c. of Oxygen Liberated in 


Hg. % 


IRST DECADE 


30” 


45” 60” 
29. 34. 37.6 
19. y +B 25. 

24. 2é. 31. 
16. ) 24. 
20.8 28. 


Catalase—c.c. of Oxygen Liberated in 


15” 
14.6 
14. 


Hg. % 


COND DECADE 

Catalase 
15” 
14.6 
13. 
14.4 


a 
Hg. % 


DECADE 
Catalase 
15” 
14. 
14.3 
14.6 
14.6 
14.6 
14. 
14.6 
14.8 
14.8 
14.3 


5 oO 


HIRD 


Hg. % 


99 
97. 


99.8 


LO”. 


DECADE 
Catalase 
15” 
13.2 
17.6 


JURTH 


Hg. % 
87. 
80. 


45” 60” 
21. 25. 


17. 18 


30” 
18, 
16. 


¢.c. of Oxygen Liberated in 
30” 45” 60” 

18.8 24. 
16. 19. 
18.6 22. 


28. 
9o 
25.2 
19. 
28. 


20. 


of Oxygen Liberated in 
45” 60” 

21. 25. 

24.6 23.6 

24. 29.8 

24. 28. 

24. 28. 

22.6 26.2 

25. 29.2 
24.8 28. 

23.8 27 
23 27. 


24. 27 


30” 
18, 
19.6 
19.6 
19.6 
19.¢ 
18.; 
18.2 
19.6 
19.6 
19.% 


of Oxygen Liberated in 


60” 
23.8 


29. 


45” 
20 


25. 















Age 


Yrs, Race 








47 W. 


57 Ww. M. 
53 Ww. M. 
57 Ww. M. 
57 Ww. 


M. 






Age 

Yrs. Race Sex 
60 B. F, 
64 Ww. M. 
64 W. M. 
65 W. M. 
68 Ww. M. 


63 






Age 
Yrs. Race Sex 
70 W. M 


Ww M 


WINTE 


37 
3 Ww. M. 
34 Ww. M. 
30 Ww. M. 
W. M. 
36 W. M. 
3 W. M. 
36 Ww. M. 
37 Ww. M. 
36 Ww. M. 
35 Ww. M. 





10 r. ; 
14 Ww. F, 
Ww. M. 

46 W. M. 
B. M. 

47 W. M. 
W. M. 

44 WwW. M. 
41 W. M. 
$7 W. M. 
M. 












RNITZ 


R.A 
4464000 
5096000 
5344000 
5312000 
4756000 
5216000 
4624000 
5113000 
5860000 
4168000 
4840000 
4736000 
5152000 


R.B.C. 
5880000 
5156000 
5328000 
5440000 
4736000 
4928000 
5014000 
5616000 
5648000 
4728000 
4288000 
5322000 


4168000 
4608000 
5187000 
4792000 
5528000 
4680000 


R.BA 
5056000 
4944000 
5328000 
4000000 
4080000 
4960000 


R.B.C. 
5408000 


3520000 


SEVENTH 


FIGHTH 


fy R 
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of Oxygen Liberated in 


30” 5 


&£ 



















18.8 2] 24 

18.2 22.3 27 

19.6 24 27 

19.6 4. 27.6 

19.8 24.2 97.8 ' 
18.8 23.8 27 2 

19. 24 27.6 [ 
19 24 27.6 

15.8 18. 19 

18 29 265 

15 21 24.3 






















19.2 4 Ss 
19 23.8 PR 9 
19 23.8 28 
19 25.6 27.4 
19, 23.8 27.6 
19. 23 26.8 
19 22 26 
22 26 28. 
22 26 9 
a2 26 0 
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18 21.6 24 
18.6 44.6 7 & 
16 2) 5.6 
15.6 19.6 a4 












of Oxygen 


x 










15” 60 i 
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18 21. °4.6 : 

14. 16 17.5 iY 
21. 25 oR 
14.8 16.6 19 
19 22 25 
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Table 1 
Total No 


can be 
of cases, 74. 


Oxygen Liberated 
in First 15 Seconds 


12-13 6 
13-14 3 
14-15 42 
15-16 8 
16-17 6 
17-18 2 
18-19 b 


tv of cases aive we 


within the first fi 


mit of error in any test of this naturé 
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re « sidered anv reading between 13 ar 
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follows: 


8.1 
$.095 
56.7 


10.8 


14 to 15 ec.c. of 
other hand the 
could } irdh pe 


less than fron 
—_— 


fifteen seconds. We have t 


1d 17 to be within norma! limits 


the cases must be considered to 
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Catalytic activity of 


solid black dots represents cul 
seconds 
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determined by 


fifteen Line determine 


od-cells 
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of red bl 


jie centimeters of oxygen liberated 


hollow dots represents the number 


It is of interest to compare the curve of the catalytic ity of t 
1 with the red blood-count (Chart 1). 

ly iets at once become evident from this chart First. the curve 

I the talytic activity of the blood « 1 series OT Indiv ils Is In man 
espects as constant as that of the red od-count in those same individ- 
s, and secondly, there is no absolute relation between the number of 

| s and the catalytic act of the blood in different indi 
s. The second fact has been pr S llustrated in rabbits (Win- 
ternit nd Pratt) It will be remembered that w in healthv rabbits 
hig od-count is accompanied bv a g ita ictivity in most 
nstances, the number of red blood-cells is by no means the only factor 


determining the power of the blood to gs] 
ke the thyroid (Winternitz and Pratt 
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in which there was a marked variation in the catalytic activity of the 


blood the he moglobin content was determined A glance at Table 1 will 


suffice to show that this is no more intimately connected with the power 


of the blood to split hydrogen peroxid than is the number of red blood 
cells. 

It is not our present aim to discuss in detail the variations found in 
supposedly norme! individuals This must form the basis for future 
work. It seems more logical, however, to consider the small percentage 
of marked variations to be based on physiological or pathological phenom 


ena and that individuals with such variations must be considere 


abno! 
mal rather than have it taken for granted on a priori evidence that the 
power of the blood to split hydrogen peroxid could vary to any marked 
extent in absolutely normal individuals. 

The fact remains, however, that marked variations oecur in 20 per 
cent. of normal individuals. This is of importance, and must be remem- 
bered in the interpretation of change in the catalytic activity of the blood 
in diseased conditions. Wherever possible, readings should be repeated] 
from 


taken, for the significance of the results must depend on variations 


day to day as a result of the disease When this is not possible, the Slg- 


nificance of the results must suffer. In each case to be reported several! 


readings were taken even though, for the sake of brevity. only one obser- 


vation is recorded in many instances 


IV. THE CATALYTIC ACTIVITY OF THI BLOOD OI 4 SINGLI NORMAI 
INDIVIDUAL OVER A LONG PERIOD OF TIMI 


TABLE 2.—CATALYTIC ACTIVITY OF BLOOD IN A SINGLE NORMAL INDIVIDUAI 


Oxygen (c.c Liberated in 

Date ld 30” 15 60 
10/16/08 14.6 19.2 23.4 97.4 
10/17/08 14.2 18.8 23 27 
10/18/08 13.9 Is 21.9 95.6 
10/19/08 14.9 18.8 23.1 26.8 
10/21/08 14 18.5 22.6 26.2 
10/24/08 14.7 19.6 23.8 27.3 
11/ 2/08 15.2 19.5 22.6 25.6 
11/ 4/08 15.2 20.4 23.7 27 
12/10/08 14. 18.5 22.6 26.2 
1/20/09 14.9 18.8 23.1 26.8 
3/10/09 16.2 20.4 23.7 27 
5/ 5/09 15.2 19.6 22.4 26.6 
7/10/09 14.8 18.2 22.6 26.4 
12/17/09 14.8 19.6 24.6 28.6 
3/10/10 14.6 19.4 24 26.8 


The greatest variation (as illustrated in Chart 2) in the catalytic 
activity of a single individual’s blood over a period of several months 


is 1.3 c.c. of oxygen liberated in the first fifteen seconds. This is remark 


ably constant and is what should have been expected from the animal 
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experimentation where the same results were obtained with normal 
ibdIts 

Briefly, we see that the blood SU per cent. of normal individuals 
has a very constant catalytic power—liberates 14 to 17 ¢.c. of oxygen in 


fifteen seconds, and that the activity of a single normal individual’s blood 


ONS ONT 


may not vary within more than 1.5 ¢.c. of oxygen liberated in fifteen 
seconds over a period of seventeen months. On the other hand, 20 per 
cent. of normal individuals show such wide variations in the power of 
their blood to split hydrogen peroxid that, unless this is realized, the 
significance of the change in diseased conditions must suffer. The impor 
tance, therefore, of the determination of the catalvtie activity of the 
blood rests, as will be seen, in variations in the activity from day to day 


or in anv change trom the norma! activity o 


ie individual’s blood 








oS Sy 
ae 











Chart 2.—Curve of Table 2, representing cubic centimeters of oxygen liberated 


in first fifteen seconds, 





It should be emphasized that in these experiments no precautions as 
to temperature, etc., were used. Ordinary room ten perature sufficed and 


thus modifies the method considerab 


V IE CATALYTIC ACTIVITY OF 1 BLOOD IN DISEASED CONDITIONS 
A, Acute Infe lious Diseases 


\ study of Table 3 shows that the catalytic activity of the blood varies 
within wide limits in typhoid fever. On further analysis, however, the 
variations are in part at least explainable. For this reason the table has 


been arranged according to dav of disease, as has also the curve in 
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Dut cde ne turing the later course, again rising to normal at the 
time of convalescenc: This was confirmed in several cases when the 
was repeatedly determined during the illness. The curve is in 
ull ible t inen l wl Cl accompanies the d SCaust as ill is 
| the lin w dots in Chart 3. Whether the urinary find- 
I the Ww cataivtic act t n Cases 9 and 10 are of significance 
é ‘ é He } i é ; Fa ; 
"5 
40. 
. “oa 
ae = 
40-5 
i i i A: 
a rid Ila lalelvel | 15 20604098 
hart 3.—Curve of Table 3, representing the catalytic activity of the blood in 


DIS! 


s of oxygen liberated in the first fifteen seconds (line determined by solid 
nad t number of red blood-cells line determined by hollow dots 
ela to the function of the kidney can only be conjectured. This 
be discussed in detail later. 
ASES OF THE RESPIRATORY TRACT, INCLUDING LOBAR PNEUMONIA, TUBERCULOSIS 
AND EMPYEMA 


ASE | Patient 1. S.. colored man, aged 24 ledical No. 23570 

ical Diaqnosis Lobar pneumonia, left upper and lower and lower right 
rine Albumin in traces, few granular and epithelial casts 

very 
ASE 2 Patio ( S.. colored girl aged 1 Medical No. 23572 
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Clinical Diagnosis.—Lobar pneumonia; acute mastoiditis (bilateral) , pneumo- 


coccus meningitis; cerebral hemorrhage. 
Death. 
inatomical Diagnosis.—Lobar pneumonia with abscess formation (both upper 


lobes); acute pleuritis; bilateral acute otitis media; acute cerebrospinal menin 


Mine sy 


gitis with hemorrhage; cloudy swelling of viscera and acute splenic tumor 











- CASE 3.—Patient.—H. B. R., colored man aged 27. Medical No. 23268 
i Clinical Diagnosis.—Lobar pneumonia (right lower). 
j Urine: Negative. Recovery. 
: CASE 4.—Patient.—H. B. R., colored man aged 20. Medical No. 23490 
N 
Clinical Diagnosis.—Lobar pneumonia (lower left). 
Urine: Trace of albumin 
Recovery. 
CASE 5.—Patient.—W. M. B., colored man, aged 27. Medical No. 23506 
Clinical Diagnosis.—Lobar pneumonia (lower left) 
Urine: Albumin in traces, casts throughout illness. Recovery. 
CASE 6.—Patient.—W. J. M., colored man, aged 23 fedical No. 23576 
Clinical Diagnosis.—Acute tuberculous bronchopneumonia 
Death. 
inatomical Diagnosis.—Chronie ulcerative pulmonary tuberculosis with cavity 
formation (left apex) ; caseous and gelatinous bronchopneumonia (left lung), ete. 
CASE 7.—Patient.—M. A. K., white woman, aged 32. Medical No. 23321 
Clinical Diagnosis.—Lobar pneumonia; empyema 
Operation; recovery. 
’ Urine: Albumin in traces 
CASE 8.—Patient.—W. B. B., colored man, aged 32. Medical No. 23577 
Clinical Diagnosis.—Acute pleurisy with effusion probably tuberculous 
TABLE 4.—CATALYTIC ACTIVITY OF THE BLOop IN EIGHT CASES OF DISEASE Of 
rue RESPIRATORY TRACT 
(ase Date Catalase Blood 
No R c.c. of Oxygen Liberated in R.B.A W.B.A Hb 
15” 30” 15 60” . 
l l } 16 20.5 ) 4652000 18400 5 
9. 1/14 9.8 11.5 4840000 21160 55 
3 15 18.5 5272000 32000 68 
4 1/18 11.6 13.7 4120000 11000 65 
A 5. 1/14 14.9 18.8 4720000 10920 85 
; 6 1/14 16.4 0.4 5152000 5840 63 
] 7 ll/ 6 16 19.9 4640000 39360 100 
8 1/14 16.6 23.4 5255000 6800 a0 
Table 4 shows that in six of the eight cases the power of the blood to 
split hydrogen peroxid varies within normal limits in diseases of the lung 
In the other two, Cases 2 and 4, there was a marked secondar nemia 
with a low hemoglobin percentage, but this could only in part explain the 
low activity, since No. 3, for example, has a low hemoglobin percentage 
and a normal activit That t e is a slight decline in the cata 
activitv of the blood during the course of a lobar pneumonia is illustrated 
by Table 5. 
Briefly, in four of six cases of lobar pneumonia, the catalvtic activity 
of the blood is normal. In one of the ot two the disease was so con 
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plicated by meningitis, etc., that any result must be considered from many 
standpoints. In the other no cause could be ascribed to the decreased 


activity. In the single case of acute pulmonary tuberculosis the activity 
was normal! and this is what would be expected from Dalmady and Tor- 
day’s report since there was no anemia. In the one case of acute pleurisy 
the activity was on the upper limits of normal. Whether the activity was 
nfluenced, raised, by the pleurisy can only be conjectured (see next sec- 


t , on a tr periton! ls 


raBLe 5.—COURSE OF THE CATALYTIC ACTIVITY IN PNEUMONIA (CASE 3 


Date C.c. of Oxygen Liberated in Day of 
15 30” 45” 60” Disease 
10/24 15 18.7 22.8 27 5 
10/26 14.7 19.5 23.2 26.4 7 
10/28 13.2 16.4 19.8 22.3 9 


ACUTE PERITONITIS 
Case 9.—Patient.—O. L., colored female, age unknown. Surgical No. 24320 
Clinical Diagnosis.—Acute appendicitis with rupture and general peritonitis. 
Operation: Appendectomy with drainage 
Recovery 
raBLe 6.—CATALYTIC ACTIVITY IN ACUTE APPENDICITIS (CASE 9 


Catalase— 


Dat 15” 30” 45” 60 Remarks« 
6/24 15.6 2% 28.8 34.6 24 hrs. after operation. Peritoneum clear 
4/24 19.2 25.6 21.6 37.7 Sy mptoms of acute peritonitis 

It is to be regretted that this case was not more thoroughly studied. 


(ase 10.—Patient.—M. K., white man, aged 29. Surgical No. 24957. 
Clinical Diagnosis.—Appendicitis with acute spreading peritonitis 
(peration: Appendectomy with drainage 
Recovery 

raBte 7.—CATALYTIC ACTIVITY IN ACUTE PERITONITIS (CASE 10 


(Catalase 


Date 15” 30” 45” 60” temarks 

ll/ 9 18. 22.5 27 30.6 Two hours before operation 

11/10 16 20 24.6 27.8 Twelve hours after operation 

ll/ 4 14.8 18.6 22.2 26. Patient’s condition excellent 
CASE 11 Patient 4. S., colored man, aged 21. Surgical No. 25150 


Clinical Diagnosis.—General peritonitis; origin unknown 
Operation: Appendectomy and drainage 
Recovery 

TaBLe 8.—CATALYTIC ACTIVITY IN ACUTE PERITONITIS (CASE 11) 


Catalase 


Dat: 15” 30° 45” 60” R.B.C. Remarks 

12/17 7:30 p.m 7 218 2%. & 5480000 Half hour before operation 
12/18, 10 a.m 12.6 15.4 19.2 22.8 4872000 14 hours after operation 
12/18, 3:30 p.m 12.6 16 19.8 23 

12/19 8.8 11.8 14.4 17.2 

12/20, 8.8 15 17.6 20 

12/21 8.8 15 17.8 20.8 
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CASE 12.—Patient.—C. M. J., colored man, aged 23. Medical No. 24,441. 
Clinical Diagnosis.—Typhoid fever—perforation. 
Operation: Closure of perforation—result recovery. 
Urine: Albumin in traces and a few finely granular casts 
PABLE 9.—CATALYTIC ACTIVITY IN ACUTE PERITONITIS (CASE 12) 


— Catalase 


Date 15” 30” 45” 60” Remarks. 

7/19, 3:30 p.m 19.8 268 32.4 37.2 Patient seized with acute abdomi 
nal pain about 2:30 p. m 

7/19, 6 p.m 6s 22 27. 32.2. Operation 4 p. m. 

7/23 14. 19. 22.8 26. 


CASE 13.—Patient.—M. 8., colored woman, aged 23. Surgical No. 24,350. IIl- 
ness of twenty-four hours’ duration; acute onset. 

Clinical Diagnosis.—Acute salpingitis; acute peritonitis 

Operation: Salpingo-oophorectomy; drainage. 

Recovery. 

—Catalase —_———_ 

Date. 15” 30” 45” 60” Remarks. 
6/29, 9 a.m 14.6 20.2 24.6 29.2 Operation June 28, a. m. 


[n the five cases of acute peritonitis above reported four show a char- 
acteristic rise in the power of the blood to split hydrogen peroxid. In the 
first there was a spreading peritonitis following operation. This was 
accompanied by an increased catalytic power of the blood, i. e., a rise 
of 3.6 ¢.c. oxygen liberated in the first fifteen seconds. In the other cases 
readings were obtained at the time of operation and then for several days 
afterward. In all of these cases the increase in the activity was not deter- 
minable, since the patient came under observation only after the perito- 
nitis was suspected. In the fifth case the activity was normal, but here 
it must be remembered that the reading of the catalytic activity of the 
blood was not made until twenty hours after the operation. 

These results on human beings correspond in every detail with the 
animal experiments (Winternitz). Here, it will be remembered, there 
was a marked rise in the catalytic activity of the blood within a few hours 
after an experimental peritonitis was produced, and this rise continued 
for a variable period, from six to thirty-six hours. It was later shown 
(Winternitz and Pratt) that the variation in the catalytic activity of 
the blood was entirely independent of the number of white blood-cells 
and the body temperature. On the other hand it has been shown (Win- 
ternitz) that following experimental peritonitis there is a rise in the 
number of red blood-cells which corresponds to the rise in the catalytic 
action. The nature of this change will be reported on in a subsequent 
article. 

That some practical value might be acquired from the determination 
of the catalytic activity of the blood is emphasized in the two following 
cases. The second one (Case 15), in particular, is of interest. This 


patient was a child with high fever, leukocytosis, and obscure abdominal 
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signs. Careful examination left the impression of an abdominal inflam- 


| rine 
I 


mation, and it was considered probable that this patient was sufferi1 


from a peritonitis either arising from a ruptured appendix or a typhoid 
perforation. ‘The catalytic activity of the blood was normal. The peri- 
toneum was clean The next dav a localized infection of the spine 
revealed itself. 
SUSPECTED PERITONITIS 

CASE 14.—Patient.—M. G., white female, age unknown. Surgical No. 23,106 

Clinical Diagnosis.—Strangulated right femoral hernia; fecal fistula 

Operation Incision and drainage abscess of groin about strangulated hernia 
closure fecal fistula by lateral anastomosis of bowel 


Result unknown. 


Dat 15 Rid $5” 60” W. B. ¢ Remarks 
10/24 14 18.6 22.4 28.5 20,300 Operation Oct. 22 

CASE 15.—Patient.—C. M., white girl, aged 12 

Clinical Diagnosis.—Osteomyelitis of spine; general septicemia; metastatic 
abscesses 

On September 5 the child was first seen; history indefinite; temperature 


103 F.;: pulse 110: W. B. C. 32.000 
Operation: Exploratory laparotomy for peritonitis (probably either rupture 


of appendix or typhoid perforation. The peritoneum was found clean at operation 


On September 6 the back was found edematous An incision was made; pus 
and dead bone were found in the lumbar spine 
Deat! No autopsy. 
Catalase 
Date 15 30” 45” 60 
9/5 14.8 18.2 23 27.2 


While the above results are only suggestive, it seems that so simple 


a test as the one employed to determine the catalytic activity of the blood 


might be of value in the diagnosis of peritonitis whether from appendix 


rupture or typhoid perforation, etc., and further in the differentiation 
' ‘ 


of these cases from obscure genera] infections which have not localized 
themselves in a serous cavity. 
B. Diahetes Me fs 


CASE 16 Patient F., white woman, aged 48. Medical No. 24.239 


Clinical Diagnosis Diabetes mellitus; uleer of tox 


Improvement p 
Urine Amount 490 to 1.528 ex Albumin trace Sugar 1.6 to 2.4 per cent 
No coma. 

CASE 17.—Patient r., white man red 33. Medical No. 22.987 


Clinical Diagnosis Diabetes mellitus 

Improvement 

Urine: Albumin trace. Sugar 2, 6 and 6.1 per cet 

No coma 

Case 18.—Patient D., white man, aged 17 Medical No. 23.645 
Clinical Diaqnosis.—Diabetes mellitus Result improved 

Urine: Albumin, negative. Sugar 8 per cent. to none;*on discharge 2 pe 


Diacetic acid and acetone constantly present 
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3 
i 
7 
/ TABLE 10.—CATALYTIC ACTIVITY IN DIABETES MELLITUS 
Catalase Hb 
No. Date 15 30” 15” 60”  o €.. . 
l 10/18 16.7 23.5 28 32 4.886.000 83 Sahli 
2 1/16 15.8 20.6 95.2 20.8 3.832.000 79 Sabli 
3 1/25 14.4 17.8 20. 22.2 5,764,000 90 Urine sugar-free. 


Acetone plus. 


These three cases of diabetes suffice to show that it exerts no influence 


on the catalytic activity of the blood. This is in harmony with the results 


- 
oe ee ee ee ee ee 


4 of the determination of the catalytic activity of the organs in a fatal cas 


of diabetes (Winternitz and Meloy). It must be remembered, however 





that none of these patients were In com: and that possibly the a dosis 
accompanving diabetic coma might affect the power of the blood to split 
hydrogen peroxid. 
C. Catarrh ] 
CASE 19.—Patient.—J. T., white man, aged 41 Medical No. 65.924 
Clinical Diaqnosis.—Catarrhal jaundice 
Patient had been jaundiced so long that operation was advised He died from 
hemorrhage after operation At autopsy only catarrhal inflammation of bile 
j ducts and extensive jaundice were found 
- 
' 
+ Catalase 
, 1S 30) 5 60 
14.8 1S? » r | 
‘ The above case of catarrhal jaundice needs no further comment. Suf 
Q / 
1 fice it to sav with severe jaundice and n the urine, etc., there was In 
: this case no change in the catalase of the ood. This confirms the pre- 
vious observation where there was no reduction in jaundiced tissues 
obtained from a fatal case of obstructive jaundice (Winternitz and 
Mi lov . 
D. Exonhthalr Goitter 
CASE 20 Patient C.. white woman, aged 26 Medical No. 23179 
Clinical Diaqnosis Exophthalmie goiter; hypertrophy of thymus 
Improvement. 
Lrine negative 
4 PrABLE 11.—CATALYTIC ACTIVITY IN EXOPHTHALMIC GOITER (CASE 10 
, Date Catalase R. B.¢ Hi 





15 0 15 60 
10/ 7 19 25.2 31.4 37.2 85 
10/18 16.2 21.2 26.4 
10/19 17.1 22.4 2s 2 
10/21 16.5 21.1 26.8 31.6 4640000 87 
10/26 18.6 22.4 27.7 1.6 


CASE 21 Patient.—A. M. A., white woman, aged 41 Medical No. 23798 

Clinical Diaqnosis Exophthalmiec goiter. ruberculosis of thyroid; myocar 
ditis 

Urine: Specific gravity 1.004 to 1.022. Amount from 800 to 1,620 cc. Albu 
min, trace; casts few. Slight edema of ankles. Blood-pressure from 82 to 130. 
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Operation.—January 9, ligation of right superior thyroid artery. January 
23, partial thyroidectomy. Left lobe and isthmus. 





Death. 

Pathologic Report.—Advanced hypertrophy with disappearance of colloi rhe 
epithelium of the alveoli is high and shows many invaginations. Difl increase 
in interstitial tissue containing nests of lymphoid cells. In another section a 


number of tubercles are found. 


PABLE 12.—CATALYTIC ACTIVITY IN EXOPHTHALMIC GOITER (CASE 2] 


Catalase 
Date. 15” 30” 45” 60” R.B.C. Hb. % 
1/12 14. 17. 19.4 21.9 
1/14 18.8 23.8 27.6 31. 
1/18 17.4 20.8 23.3 25.7 
3/ 6 16.4 20.4 23.6 26.4 5424000 04 Sahli 
3/9 18.6 23. 26 29.4 
3/15 16.4 20.4 23.4 26.4 


CASE 22.—Patient.—L. S., white woman, aged 36. Medical No. 24059 

Clinical Diagnosis.—Exophthalmic goiter. 

Operation.—Partial thyroidectomy (right lobe removed). 

Improvement. 

Pathological Report.—Alveoli irregular, lined by invaginated columnar epi 
thelium. Diminution in colloid. Increase in stroma. 


——Catalase— ~-- 
Date 15” 30” 45” 60” R.B.C. Hb. % temarks 
1/16 15.7 21.2 25.8 30.4 4840000 76 Operation Jan. 5 
(11 days before ) 
Case 23.—Patient.—W., white woman, aged 30. Medical No. 23227 
Clinical Diagnosis.—Exophthalmic goiter; dysthyreosis; pregnancy. 
Patient treated with Rogers and Beebe’s serum. 
Urine: Acetone and diacetic acid present. 
Improvement. 


° 


TABLE 13.—CATALYTIC ACTIVITY IN EXOPHTHALMIC GOITER (CASE 22 





————Catalase——_—_ 
Date 15” 30” 45” 60” R.B.C. Hb. % Remarks 
10/16 .. 11.9 15.5 18.8 21.9 3304000 64 Patient vomiting 


NH, in urine 14.6 
per cent. of N. 
10/17 13. 17.8 21.4 25 NH, in urine 10% 
of N. Sodium bi 
earbonate 45 gr. by 


mouth. Calcium 
lactate 10 gr. by 
mouth. 

10/18 12.4 16.5 20.1 23.6 Caleium lactate dis 
continued. Urine 


neutral to litmus. 
No acetone or dia 
cetic in urine 


10/19 12.8 17.5 20.6 24 

10/21 10.2 13.7 16.8 19.2 Urine alkaline to 
litmus 

10/22 11.6 15.2 18.4 2] Urine alkaline to 
litmus 

10/24 12 15.3 18.2 21.6 Urine neutral 

10/25 ll 14 17 19.7 

10/27 12.4 15.2 18. 20.8 4720000 76 Dec. 12 

















< 
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The above cases of thyroid disease are of interest. It will be remem- 
bered that in determining the catalytic activity of a single normal indi 
vidual’s blood over a long period of time practically no variation was 
found from day to day. In the above cases this is certainly not true. The 
variations are very marked. In several cases (1 and 2) the activity tends 
toward a high level while in Case 4 it is low. In the first two cases there 
were definite symptoms of hyperthyreosis while the fourth case was more 
obscure, being accompanied by symptoms of hypo- as well! as hyper- 
thvreosis. These findings can be readily interpreted from the experi 
ments previously reported (Winternitz and Pratt). There it was shown 
that a permanent decline in the catalytic activity of the blood followed 
the extirpation of the thyroid gland in rabbits and that this fall could 
be compensated by feeding thyroid extract. With excessive function of 
the gland, therefore, an increased action on the part of the blood to split 
hydrogen peroxid can naturally be expected. And with a decreased func- 
tion, a decreased catalytic activity of the blood should be expected. Case 
4, therefore, would fall in the group of hypothyreosis. 


BE. Renal, Cardiac and Cardiorenal Diseases 


In this group several types of cases will be considered ; first the cases 
of pure nephritis, then the pure cardiac cases, and finally a number of 
cases in which both the heart and kidneys are clinically insufficient and 
in which it is more difficult to determine which is the primary cause of 
the disease. 

The cases of chronic nephritis will be arbitrarily divided. In the first 
division are included a number of chronic nephritics in whom, although 
the disease was evident, there were no clinical symptoms pointing to 
uremia. 

CHRONIC NEPHRITIS 

Case 23.—Patient.—D., white man, aged 21. Medical No. 24219. 

Clinical Diagnosis——Chronie nephritis. Improved. 

Urine: Total amount, 940-1000 c.c.; specifie gravity 1007-1015; albumin, 


trace to 0.5 gm. per liter. Casts very few, hyaline and granular. 
No edema, coma or convulsions. Blood-pressure 230-120. 


—Cata]lase——————_ 
Date 15” 30” 45” 60” R.B.C. Hb. % Remarks 
1/10 16.4 21.2 25. 28.6 5800000 81 Headache and vomit 
ing on Jan. 8. Pa 
tient feels well at 
present. 


Case 24.—Patient.—F., white girl, aged 18. Medical No. 24411. 

Clinical Diagnosis.—Chronic nephritis. 

Urine: Total amount 460-1130 c.c.; specific gravity from 1009-1027; albumin 
faint trace; casts, hyaline, granular and cellular. 

Edema of feet for two years. Face puffy. 
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I grounds negative. Bk pressure from 112 to 115. No coma, convulsions 
in October 1908 
Improvement 
( ta is 
Date 15 7 15 60 R.B.AC Hb. % 
4/29 15 »0) 25.4 20.8 5744000 100 
CASE 25 Patient.—B., white man, aged 48 Medical No. 23582. Patient 
drow on admission No coma or convulsions 
Clinical Diaaqnosis Chronic nepi ritis 
{ Total an int from 300 to 1780 ec.e Specil cravit f ! 1012 to 1032 
Albumin tr Casts few, hvaline and finely granula 
Improvement 
Catalas 
Date 15” 30 $5 60 R.B.A Hi 
1/18 5.5 22.8 25.6 8 6 5100000 g5 
CASE 26 Patient S.. colored man, age 15 Medical No. 23292 
( ical Diagnosis.—Chronie nephritis. Tertiary syphilis 
Uriz lotal amount 480-1450 ex specific gravity from 1009 to 1019 
albun trace; casts occasional, granular 
No coma or convulsions Blood-pressure from 204 to 110 
Improvement 
(ata sé 
Dat 1S ( 15 60 R.BA 
1/7 14.1 17.4 19 29 7 1220000 
\ I ‘ if I { a Ove ‘ = = . a to = W I at Ge even W T 
outspoken nephritis, there may be no inge in the catalvtie activity « 
tne D ! 
The next group includes still more severe cases in which there were 
. tome , ley r \ ; r nd 7 r 1 
vm Oo lremia wit edema, ! sea, vomitin nd more severe 
, , 
{ Dat sw cl owever, never d eloped coma. 
CHRONI NEPURITIS WITH SLIGHT SYMPTOMS OF RENAL INSUFFICIENCY 
CASE 27.—Patient K., white woman, aged 42. Medical No. 23263 
( cal Diaaqnosis Chronic nephritis cute exacerbation 
Urine Total amount 600-3300 ec. specific gravity 1005-1022; albumin from 
1.5 to 4 gm. per liter. Casts hyaline, granular and celluiar 
Edema and headache, vomiting. No coma. Blood-pressure from 157 to 172 
mm. Hg 
TABI 14 CATALYTIC ACTIVITY IN CHRONIC NEPHRITIS CASE 27 
Catalase 
Date 15 0 15” 60 RBA Hg. 9% Remarks 
10/22 13 16.5 19.8 3 1600000 TTT) 
10/24 12.4 16 19.5 2? § 
10/26 15.8 19.8 23.4 26.8 Patient much im 
proved 
10/27 16 au 24 7 
10/29 16.6 20.6 21.7 25.5 4136000 92 
Case 28.—Patient.—G., white man, aged 57. Medical No. 23230 


Clinical Diagnosis.—Chroniec nephritis; ascites 
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Urine rotal amount 500-1600 ¢.c., specific gravity 1006-1015; albumin, trac 
to 1.5 gm. per liter. Casts few hyaline and granular Edema and ascites present 
Blood-pressure from 160 to 184 
No coma or convulsions 
Heart enlarged with systolic murmur and slight | esystoli Considered elin 
ically to be a case of primary renal disease with secondary cardiac chang t 
dilatation and hypertrophy. 
Improvement. 
ABLE 15 CATALYTIC ACTIVITY IN CHRONIC NEPHRITIS (CASE 28 
Catalase 
Date 15 30 15 60 R.BAA Hl 
10/ 6 12.7 17 20.8 24.5 1472000 66 
10/18 13.8 18.2 22.6 26.4 
10/19 14.5 19.6 4 28.8 
10/24 12.5 15.3 19.6 22.8 4128000 66 Oct. 2 
10/29 14.5 18.3 21.1 23.2 
ll ba ; 16 18.6 23.2 1SOOO0 70 
CASE 29 Patient R., white man, aged 64 Medical No. 23316 
Clinical Diagnosis—Chronic nephritis; myocarditis; dilatation of aortie arch 


Urine lotal amount 550-2000 c.c 


casts hyaline 


Edema of feet Hydrothorax Dyspnea; polyuria ma, vomiting, head 
ache or convulsions. Blood-pressure from 213 to 244 

Improvement. 

rABLE 16 CATALYTIC ACTIVITY IN CHRONIC NEPHRITIS (CASE 29 
Catalase 
Date 15 30” $5 60 R.BAC Hi 
ll/ 6 9.9 l2 13.7 15.4 3496000 64 
ll/ 8 9.9 12.2 14 15.8 3620000 ti2 Blood pre 244 
mm Hyg 

CASE 30 Patient S., white man, aged 35 Medical No. 23108 

Clinical Diagnosis.—Chronic nephritis; pleurisy and pericarditis (acute 

Urine: Total amount 125-2550 ¢.c.; specific gravity 1010-1022; albumin from 
5.5 to 15 gm. per liter; casts granular and hyalin 

Marked edema of dependent parts and ascites, headache and ting No 


coma or convulsions 
Death No autopsy 
TABLE 17.—CATALYTIC ACTIVITY IN CHRON 
Catalase 
Date Hy 15” 0" 45” 60” R.B.C. Hb. % W.BA 
10/12 , , 5336000 75 19400 
10/16 12.6 17 °0.6 25 
10/17 12. 16 19.6 23 
10/18 12 15.5 19. 22 
10/19 4p.m. 13, 18.4 222 24.9 
10/19 10p.m. 11.5 15.4 18.6 21.8 4088000 31760 
10/20 11.4 15 19.4 21.4 


No e 


NEPHRITIS ( 


specific gravity 1013-1017; albumin trace; 


Remarks 


Urine alb. 6 gm. per 
liter R.BA ‘ 
Pericarditis 


Headache 


iting 


and vom 











646 THE ARCHIVES OF INTERNAL MEDICINE 


Case 31.—Patient.—C., white woman,” aged 22. Medical No. 23539 

Clinical Diagnosis.—Chronic nephritis (uremia) acute fibrinous pleurisy; 
exophthalmos. 

Urine: Total amount 150-3200 c.c.; specific gravity 1005-1027; albumin from 
1 to 8 gm.; casts. 

Edema of face. Coma, several attacks, convulsions 

Blood-pressure 244-152 mm. Hg 

Patient had several attacks of uremia, coma while in hospital with gradual 


increasing blindness. Unimproved on discharge 


TABLE 18.—CATALYTIC ACTIVITY IN CHRONIC NEPHRITIS 31) 
Catalase — 

45” 60” W.B.C. R.B.C. Hb.% Remarks 
16.4 18. 13300 5400000 90 Jan. 2) 
15.4 16.8 
13.5 14.8 
17.3 19. 35760 4176000 

Condition improved. Headache, vomiting, coma. 

11.4 13.6 16.4 18. 8040 5336000 

11.2 13.4 15.2 16.8 12880 5160000 

Headache, convulsions. 

10.8 13.4 15.5 17.2 7400 3976000 


This group of five cases illustrates several facts. First, the curve of 


grou} 
the catalytic activity of the blood is not constant from day to day; sec- 
ondly, the activity is definitely decreased and tends to assume a lower 
evel; and thirdly, the lowest activity is always obtained when the symp- 
toms of renal insufficiency, headache, nausea, vomiting, etc., are most 
manifest. These findings correspond in every respect to the results 
obtained by producing chronic nephritis in rabbits with uranium nitrate 
(Winternitz). The power of the blood to split hydrogen peroxid becomes 
inconstant from day to day, but gradually assumes a lower level so that 


it may be only half as great as normal. With the decline in the catalase 


there is a fatal termination of the disease, even though the urinary pic- 
ture and blood-pressure may be unchanged. 

The next group of five cases illustrates the most severe type of dis- 

rbed renal function accompanied by definite uremic coma. 

CHRONIC NEPHRITIS WITH UREMIA 

CASE 32.—Patient.—Y., white woman, aged 58. Medical No. 23633 

Clinical Diagnosis.—Acute mercurial poisoning. 

Patient took bichlorid tablets with suicidal intent. Did not disclose fact till 
just before death Mercury recovered from organs at autopsy. 

Urine: Complete anuria. 

Blood-pressure 132 mm. Hg. 


17. This case should not be included in this group strictly, since the patient 
had been comatose during her stay in the ward. Unfortunately no reading was 
obtained during the time of coma and therefore the report is given with this 
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inatomic Diagnosis.—Acute diphtheritic and ulcerative esophagitis, ete. 
Swelling and extensive necrosis of renal epithelium; edema of lungs; early bron 
chopneumonia. 


Catalase— 
Date 15” 30” 45” 60” R.B.C. Hb. % 


1/25 10. 13. 16.2 18.8 4884000 92 


This case represents the prototype of renal insufficiency in animals 
following a single injection of uranium nitrate (Winternitz). In both 
instances the disease is acute, ending fatally within a few days. The 
lesions in the kidney are identical, extreme necrosis of renal epithelium, 
causing complete anuria. The decline in the catalase is marked and needs 
no further comment. 

Case 33.—Patient.—McK., white man, aged 49. General No. 69412 

Clinical Diagnosis.—Chroniec nephritis (uremia). 

Urine: Total amount not learned. Specific gravity 1015-1020; albumin 3.5 
gm. per liter; casts, many hyaline and granular. 

Edema and coma. Headache, nausea, vomiting. Eyes, disks hazy. Heart 
enlarged but sounds clear. Blood-pressure 190 mm. Hg. 

Patient improved. 


TABLE 19.—CATALYTIC ACTIVITY IN CHRONIC NEPHRITIS WITH UREMIA (CASE 33 


————Catala-e—-—- - — 
Date 15” 30” 45” 60” R.B.C. B.-P. Remarks 


8/21 .. 12.6 17. 21. 24.4 215-232 Headache, nausea, 
vomiting, irra- 
tional. 

8/22 11.6 14.8 17.4 20. 440000 190 Comatose vene 
section ). 

8/23 10.4 13. 15.8 18. 3808000 Kidneys and skin 
reacting. 

8/24 .. 10.2 13. 16. 18.6 3384000 Voiding, rational, 
still nauseated 

8/26 12.4 15.2 18.4 21. 4456000 170 Much improved 

8/29 13.6 17.2 21.4 25. 4256000 Left hospital. 


Here again we find the same curve in the catalytic activity of the 
blood obtained in animal experiments. Accompanying the uremic coma 
there is a marked fall in the catalytic activity of the blood which, how- 
ever, is not permanent but rises again with the improvement of the renal 
function. 

CASE 34.—Patient.—M., white woman, aged 32. Medical No. 25160. 

Clinical Diagnosis.—Chronic nephritis; uremia. 

Urine: Total amount from 1600 to 20 c.c. Specific gravity from 1008 to 1012. 
Albumin trace to 225 gm. per liter. Casts few, granular. 

Blood-pressure from 170 to 235 mm. Hg. Headache, nausea, vomiting. Dysp- 
nea present. Eyes, disks swollen and edematous. Hemorrhages in fundi—exuda- 
tion. Marked sclerosis of vessels of retina. Heart enlarged. Systolic blow fol 
lows sharp first sound. Coma. Edema of extremities and face 

Death. No autopsy. 
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LABLE 20.—CATALYTIC ACTIVITY IN CHRONIC NEPHRITIS WITH UREMIA (CASE 34 





Date 15” 30” 15” 60 R.BAt Hb. &% Remarks 
1/12 1] 14.2 16.4 18 3752000 85 Condition fair. 
2/3 10 13. 15. 17 3752000 88 Nauseated, drowsy. 
2/11 9.6 12 14 15 3984000 92 Coma, convulsions 
2/13 8.2 10 11.6 13 Coma, convulsions 
CASE 36 Patient Y., colored woman, aged 43 


Clinwal Diagnosis.—Chronie nephritis; uremia 

Urine otal amount and specific gravity not ascertained Albumin; casts 
many hyaline and granular 

Edema, ascites, headache, exophthalmos, coma, etc., present 

tnatomic Diagnosis.—Acute and chronic diffuse nephritis; concentric hyper 


trophy of heart; general anasarca; bronchopneumonia (slight), ete 


PABLE 21] CATALYTIC ACTIVITY IN CHRONIC NEPHRITIS WITH UREMIA (CASE 35 


Catalase 


Date Hr 15” 30” 15” 60” R.BA Remarks 
8/26 17 m 9.6 13.4 16.6 19.4 4888000 Comatose, Vene 
section 1 p. n 
8/26 3 p.n 10.2 13.4 16.4 19.4 1344000 
ese two cases need no comment. The low activitv corresponds 
every respect to the low activity in the other cases of uremic coma. 


CASE 36 Patient.—Kk., white woman, aged 18. Medical No. 23039 

Clinical Diagnosis.—Chronic nephritis; purpura; pericarditis with effusion 

Urine rotal amount from 350 to 2440 ¢.c. Specific gravity from 1008 to 1026 
Albumin 2.5 gm. per liter. Casts finely and coarsely granular 

Coma and edema, ascites, dyspnea; blood-pressure 80-144 mm. Hg 

Death November 14 


inatomic Diagnosis Acute and chronic diffuse nephritis Pleural and peri 


cardial effusion; anemia with er f spleen and liver; bronchopneumonia, 


PARLE 22.—CATALYTIC ACTIVITY IN CHRONIC NEPHRITIS WITH UREMIA (CASE 36) 


Date 15” 30 15” 60" R.B.AC Hb. % Remarks 
10/16 8.2 10.6 13 15.1 2632000 14 
10/17 14.4 19 23.4 27 
10/18 15.2 0 24. 28.6 
10/19 6.8 8.8 10.8 12.6 
10/24 7.6 9.7 13.6 2888000 0 Died Nov. 14 
The marked rise in the activit n this case on the 17th and 18 


eserves special comment. It was at this time that signs of pericarditis 
were most evident and nossibly this could account 
tic activity of the blood (see under “Peritonitis”). 
CASE 37 Patient.—N., white man, aged 45. Medical No. 23262 
Clinical Diaqnosis.—Carcinoma of bladder; stricture of rectum: hydroneph 
rosis; chronic nephritis. 
Urine: Catheterized specimens Albumin, heavy trace. Cellular casts 
Coma on admission continuing till death Edema of ankles Blood-pressur¢ 


106-186 
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inatomic Diagnosis.—Carcinoma of prostate with extension into rectum with 
stricture, into trigonum and near-by pelvic tissues; dilatation and hypertrophy of 
bladder; acute hemorrhagic cystitis; bilateral hydro-ureter and hydronephrosis 


Chronic and acute diffuse nephritis (small white granular kidneys) ; cardiac dila 


tation and hypertrophy; edema of lungs and subcutaneous tissues; bronch 
neumonia, not extensive ete 
PABLE 23.—CATALYTIC ACTIVITY IN CHRONIC NEPHRITIS WITH UREMIA (CASE 37 
—Catalase 
Date 15” 30” 45” 60 R.B.¢ Hb. % Remark 
10/22 5.8 8.2 10.3 3 2570000 15 
10/23 1.5 6.6 8.2 0.8 
41.8 7 8.4 9.8 
10/23 4.8 , # 8.4 9.8 


Ten per cent. cloudy extract of kidney obtained at autopsy; 1 to 40 dilution 


It is with some hesitancy that this case is added to the series. As will 
be seen later, cancer in itself and the marked anemia are factors in 
reducing the power of the blood to split hydrogen peroxid. On the other 
and, several observations were made on the patient during the last few 
days of life and a progress v¢ decline in the catalytic activity of the blood 
was found. This, with the presence of a marked acute and chronie nep 


tis, has led us to include the case in this series 


OBSTRUCTION TO THE URINARY CANAL WITH SUPPRESSION OF URINI 


CASE 38 Patient B., white man, aged 74. Surgical No. 24325 
Clinical Diagnosis Cancer of bladder 
Operation.—Suprapubie cystostomy. Removal of right lateral wall of bladae 


rransplantation of ureter 
Urine: No report. Coma 
Death. No autopsy. 


TABLE 24 CATALYTIC ACTIVITY IN URINARY OBSTRUCTION CASE 38 


Catalase 


Date 15” 30” 415” 60 R.BA Hb J Remarks 

7 3 6.2 7.5 9 4 1] 2500000 10 

7/6 5.6 7 8.4 9.5 Dull, almost coma 
1/20 6.6 8.5 10.6 12.2 Improved enough to 


be taken home. Died 


ral days later 


CASE 39 Patient I white man, aged 42 Surgical No. 24447 
Clinical Diaqnosis Carcinoma of bladder 

Urine: Not reported. Loss of weight, retention of urine and coma 
Death 


Operation: Drainage of right kidney 
inatomic Diaqnosis.- Squamous-¢ ‘lled cancer of bladder ( lusion of reteral 
ices; bilateral pyonephrosis 


Metastases to left kidney, et« 


ABLE 25 CATALYTIC ACTIVITY IN URINARY OBSTRUCTIO CASE 39 
Catalase 
Date 15 30” 45” 60 R.BA Hb. ¢ 
8/3 7.8 10.8 13.7 15.8 
85 6.8 10.2 12.4 14.6 1505000 ) 
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These two cases illustrate how markedly the catalytic activity of the 
blood may be reduced over a long period of time. That the cancer and 
anemia took part in reducing this activity is without doubt and that these 
could not be the only factors becomes evident from the following cases : 

Case 40.—Patient.—T., colored man, aged 66. Surgical No. 24471. 

Clinical Diagnosis.—Prostatic hypertrophy 


Operation: Partial prostatectomy 

Death. 

{natomic Diagnosis.—Infection of perineal wound; encapsulated abscess in 
interior vesical space, acute purulent cystitis; bronchitis with edema and conges- 
tion of lungs; bronchopneumonia; chronic diffuse nephritis, ete. 


Edema, coma present 
Urine: Specific gravity 1021. Albumin trace; casts hyaline and granular. 
——Catalase——_— 
Date 15” 30” 45” 60” Remarks 
8/5 6.2 8.4 10.8 12.6 Operation in August 


Case 41.—Patient.—S., colored man, aged 52. Surgical No. 24342. 

Clinical Diagnosis.—Gangrenous cystitis; pyonephrosis. 

Operation: Urethrostomy for relief of impermeable stricture. Suprapubic 
drainage of bladder. Coma. 

Urine: Pus, blood-cells, albumin in large quantities (++); casts granular 
and cellular. 

Death. 

inatomical Diagnosis.—Acute and chronic cystitis with abscesses in bladder 
wall; purulent ureteritis; pyonephrosis extreme. Rupture of bladder with gen- 
eral purulent peritonitis, ete. 


TABLE 26.—CATALYTIC ACTIVITY IN URINARY OBSTRUCTION (CASE 41) 


—Catalase 


Date 15” 30” 45” 60” R.B.4 Remarks 

6/26 0.4 12.6 15. 17.6 2500000 Operation, over a quart of 
pus evacuated from ureteral 
opening. 

6/27 10.6 14.8 17.4 20.4 , nee ‘ 

6/29 14.3 18. 20.7 23.5 Patient’s condition excel 


lent. Later developed peri 
vesical abscess which was 
drained at a second opera- 
tion. This led to peritoni- 
tis and a fatal termination. 


The last case is of particular interest. The patient entered the hos- 
pital comatose. The catalytic activity of his blood was low. Following 
drainage of the bladder and pyonephrotic kidneys the activity again 
assumed normal! despite the anemia. There was therefore sufficient renal 
parenchyma left in the shell of tissue about the pyonephrotic sacs to 
maintain renal function, and a fatal termination was brought about later 
by an entirely different cause—rupture of prevesical abscess. 

To summarize the changes in the catalytic activity of the blood accom- 


panving disease of the kidney, it may be said that: 
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1. Despite the presence of a marked nephritis provided there are no 
symptoms of renal insufficiency, i. e., uremia, there will be no marked 
change in the catalytic activity of the blood. 

2. Where there is a chronic nephritis accompanied by indefinite symp- 
toms of renal insufficiency the catalytic activity of the blood will be irreg- 
ular from day to day and will tend to assume a level lower than normal. 

3. In acute mercurial nephritis there is a fall in the catalytic activity 
of the blood. 

4. With uremic coma there is a marked fall in the catalytic activity 
of the blood, which is permanent if the coma ends fatally but whicl 
recovers should the coma disappear. 

5. With retention of urine due to obstruction of the lower urinary 
tract there is a marked decline in the catalytic activity of the blood. This 
decline may persist for some time but, should the obstruction be removed, 
the catalase will again rise. 

The changes in the red blood-cell count have not been followed suffi 
ciently carefully in this series to make them of much value. Suffice it 
f red cells 


in the catalase in uremic coma, but to what extent 


to say that there is as a rule some decrease in the number « 
accompany ing the fall 

this will account for the decrease in the action of the enzvme cannot be 
stated. The retention of salts has been considered elsewhere (Winternitz 
and Rogers). Their importance depends on the following facts. Both in 
the test-tube and in the animal body they have the power not only of 
decreasing the catalytic activity of the blood temporarily, but if injected 
intravenously under the proper conditions can exhaust the compensating 
power of the tissues (which tend to keep the catalytic activity of th 
blood at a normal level). With the loss of the compensating action of 
the tissue, the power of the blood falls, the animal sinks into coma and 
dies. 

The next group of cases will be considered preliminary to the group 
to follow. in which not only the cardiovascular svstem but the kidneys 
likewise are affected. 

Case 42.—Patient.—N., white woman, aged 22. Medical No. 24348 (24088 

Clinical Diagnosis.—Mitral and aortic insufficiency. 

Urine: Amount 600-2200 c¢.c.; specific gravity 1009; albumin; casts, granular 
and cellular. 

Edema of face and dependent parts. No coma or convulsions. Blood-pressure 
from 145 to 125 mm. Hg 

Improvement. 


Catalase 
Date 15” 30” 45” 60” R.B.At Hb. % 
7/10 16.2 21.6 25.5 29.5 4960000 91 


Case 43.—Patient.—J. L. H., white man, aged 67. Medical No. 24428, ete 

Clinical Diagnosis.—Arteriosclerosis; myocarditis 

Urine: Specific gravity 1012-1025. Amount from 300 to 1390 ec. Albumin 
casts few granular. 
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Edema marked. Blood-pressure from 120 to 150. Delirium. No coma 

Death 

inatomical Diagnosis.—( Autopsy No. 3256.) Arteriosclerosis involving par- 
ticularly the ascending aorta; hypertrophy and acute cardiac dilatation; chronic 
fibrous myocarditis; chronic passive congestion of the viscera; anasarca. 


4 Catalase- 
Date 15” 30” 45” 60” R.B.¢ Hb. % 
6/10 18.8 96.2 38 38 87 


Case 44.—Patient.—J. A., white man, aged 43. Medical No. 24380 

Clinical Diagnosis.— Myocarditis 

Urine: Amount from 380 to 1210 c.c. Specific gravity 1011-1022. Albumin 
trace. Casts, hyaline and finely granular. 

Edema of legs marked. Ascites; no coma; dyspnea marked. Blood-pressure 132 
mm. Hg Heart enlarged, et 

Improvement 

Catalase 
Date 15” 30 15” 60” 


7/20 17.2 28.8 34.2 


CASE 45 Patient K., eolored girl, aged 15 Medical No. 24191. 

Clinical Diagnosis.-—Mitral stenosis and insufficiency; aortic insufficiency. 

Urine: Amount 300-980 c.c.; specific gravity 1010-1015; albumin trace; casts 
coarsely granular. 

Edema of legs, ascites No coma 

Improvement 

Catalase 

Dats 1S 3 15” 60" R.B.A Hb. &% Remarks 


6/29 ; 18.4 998 296.7 4756000 70 (May 31) 


CASE 46 Patient H., white man, aged 47. Medical No. 24262 
Clinical Diagnosis.—Mitral insufficiency; myocarditis; chronic nephritis; rela 


tive tricuspid insufficiency 


Urine: Total amount 2420 ¢.c. per day. Specific gravity 1015. Albumin trace, 
easts hyaline and granular 
Edema of feet, ascites Dyspnea; vomiting. No coma Heart enlarged. 
Gallop rhvthn Systolic murmur Blood-pressure 130 mm. Hg 
Improvement 
{ata ‘ 
15 0) 15” 60” 
13.2 18.2 22.8 26.1 
(CAS 17 Patient B., colored man, aged 36 Medical No. 24354 
Clinical Diaqnosis.—Myocarditis; mitral insufficiency; chronic nephritis 
Urine: Total amount 420-1660 ec. specific gravity 1005-1015; albumin, trace; 
casts, finely granular 
Edema, ascites, hydrothorax (left No coma Blood-pressure 32 mm. Hg 


Improvement 
Catalase- 
Date 15 30 15” 60” R.B.C. Hb 


iv) 15.5 >| 24.6 28.5 S4 


Case 48 Patient R., white woman, aged 56 Medical No. 24266 


Clinical Diagnosis.—Chronic nephritis; myocarditis. 
l'rine Total amount from 690 to 3740 ee Specific gravity 1009-1025 Albu 
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Edema of legs, ascites and headache. No coma, convulsions or vomiting 
Blood-pressure 185-262 mm. Hg 
Improvement. 


Catalase 


Date 15” 30” 45” 60” R.BA Hb. % Remarks 
June 19) 
6/24 20.5 28. 34 39.6 5150000 go Edema gone 
This group can be dismissed rapidl: In severe cardiac disease there 


is no appreciable change in the catalytic activity of the blood and while 
the activity is slightly decreased in some this would hardly be sufficient 
even to suggest renal insufficiency when compared with the low readings 
in the group of renal diseases. 

The next series, that of cases of cardiorenal disease, is of particula 
interest when compared with the following group. In all of these the 
kidney was considered clinically to be the seat of primary disease and the 
heart secondary. In all there were marked urinary changes, high blood 
pressure and coma. In two of these, autopsies were obtained and the 
heart found to be primarily diseased with on seconda chronie con 


gestive changes in the kidneys. 


CARDIORENAL DISEASI 

CASE 49.—lPatient.—D., white man, aged 53. Medical No. 24039 

Clinical Diagnosis Chronic nephritis; arteriosclerosis; myocarditis 

Urine: Total amount 470 to 2140 e.c. Specific gravity 1007-1026; albumin, 
trace; casts, numerous hyaline and granular with cells adherent 

Edema of ankles. No convulsions. Delirium and partial coma at times 

slood-pressure from 205 to 145 mm. Hg. Cyanosis, dyspnea. Marked retini 
tis: choked disk, etc Heart enlarged Hvydrothora Liver enlarged 

No improvement 


TABLE 27.—CATALYTIC ACTIVITY IN CARDIOVASCULAR DISEAS! 


Catalase 


Date 15” 30” 15” oo Hb 
7/20 16.6 22.7 27.7 32 75 
8/2] 16.6 23 27.6 , 
CASE 50 Patient | colored woman iged 50 Medical No. 23578 
Clinical Diagnosis Chronic nephritis uremia arteriosclerosis 


Urine: Amount 240-790 ¢.c.; specific gravity 1005-1023; albumin 0.25 gm 


casts, many hyaline and granular; red and white blood-cells 


General marked edema ascites coma re \ vomiting Bl ur 
220-260 mm. Hg 

Death 

Anatomic Diagnosis Arteriosclerosis: chronic fibrous myocarditis; cardia 
hypertrophy and dilatation (especially right ventricle Chronic passive nee 


on of viscera; chronic diffuse nephritis (slight obesity 


TABLE 28.—CATALYTI ACTIVITY IN CARDIOVASCULAR DISEAS 


j 16.5 19.5 21.3 5192000 83 


l 
6/19 13.4 16 17.1 71) THSSOO0 st) 
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CASE 51.—Patient.—D., white man, aged 69. Medical No. 24279. 

Clinical Diagnosis.—Arteriosclerosis; myocarditis; mitral insufficiency. 

Urine: Total amount 300-1780 ¢c.c. Specific gravity 1015-1020; albumin; casts 
many hyaline and granular. 

Edema of face and extremities, lungs. Coma? Patient drowsy but could be 





roused. Blood-pressure 180 mm. Hg. Heart enlarged. Gallop rhythm, loud 
systolic murmur. 
Death. 
Partial autopsy. Kidneys show typical chronic passive congestion 
-— Catalase—— 
Date 15” 30” 45” 60” R.B.C. Hb. % 
6/22 16.6 22. 25.2 28. 4784000 95 


‘These cases liave been of particular interest since the constant normal 
activity of the catalase of the blood did not warrant a diagnosis of renal 
insufficiency despite the urinary findings, blood-pressure, and coma. The 
autopsy findings confirmed the results of the test during life. 

One of the other conditions which sometimes may be difficult to differ- 
entiate from uremic coma is apoplexy. Two cases of coma complicating 
cerebral hemorrhage follow: 

CaSE 52.—Patient.—P., white man, aged 70. Medical No. 24489. 

Clinical Diagnosis.—Cerebral hemorrhage; paralysis. 

Urine: Albumin; casts hyaline, cells, pus. 

Coma and Cheyne-Stokes respiration present. Blood-pressure 185 mm. Hg 

Improvement. 

Case 53.—R., colored man, aged 52. Medical No. 24237. 

Clinical Diagnosis.—Arteriosclerosis; myocarditis; chronic nephritis Apo 
plexy. Hemiplegia. 

Urine: Total amount 660-1690 c.c.; specific gravity 1010-1025; albumin trace; 
casts, hyaline and granular; polyuria. 

Heart enlarged, gallop rhythm. Blood-pressure 132-192 mm. Hg. Dyspnea 

Improvement. 


TABLE 29.—CATALYTIC ACTIVITY IN CEREBRAL HEMORRHAGE 


No. ——Catalase- 

Case Date 15” 30” 45” 60” R.B.C. Hb. % Remarks 

52 6/16 17. 23.2 29. 34. 6216000 . Patient in coma. 
53 .. 6/18 20. 26.8 32.2 36. , 95 Hemiplegia, coma 


In both of these cases of cerebral hemorrhage the catalytic activity of 
the blood is high, while the results are far too small to say there is an 
increased catalytic activity of the blood in apoplectic coma. One thing 
is clear: that there is no decrease and that in this respect a ready means 
offers itself for the differential diagnosis of the two conditions. 


Toremias of Pri qnancy 
It will be remembered that in a previous paper (Winternitz and 
Meloy) the catalytic activity of the blood in cases of eclampsia was found 
to be normal. A number of cases of toxemia of pregnancy were studied 
in this series, but before the results of these observations were recorded 
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seemed necessary to determine first whether there is any change in the 
catalytic power of the blood in pregnant women and, secondly, whether 
this power is influenced during labor. 

The cases recorded in Table 30 will suffice to show that pregnancy has 
no appre iable effect on the power of the blood to split hydrogen peroxid. 
These cases were taken at varving intervals before, during and after 
labor, and it seemed of interest to determine whether the activitv of the 


blood of a single individual was influenced by the course of pregnancy. 


TABLE 31 ne INFLUENCE OF LABOR AND CHILDBIRTH ON THE CATALYTIC ACTIV 
ITY OF THE BLOOD OF A SINGLE INDIVIDUAI 


(atalase 


Date Ti 15” 30” $5” 60” R.BA Remarks 

2/9 14.6 18 20.6 23.2 4200000 Patient walking about 
in perfect health. 

j 14.8 18 21 24 4358000 Patient delivered 

March 5, 9:30 p. m 

3 » If A 13.4 16.4 19 21.2 4184000 Condition good. 

3/ 7 14.4 18.2 20.4 23.4 4096000 Condition good 

3/17 14.6 18.4 21 23.6 4260000 Discharged 


Table 31 shows that there is a slight temporary decline in the cata 
lytic activity of the blood just after delivery. This was confirmed repeat 


edly, though in some cases there was a slight rise in the activity of the 


blood after childbirtl These changes, however, are so small that thev 
are negligible. 

The consideration of the various toxemias of pregnancy and their 
relation to the catalvtic activity of the blood will not be entered upon in 
deta The cases to be reported are divided into two groups: first, those 
n which there was no change in the catalytic activity of the blood: sec- 


nd!ly. those in which there was a decreased catalvtic activity of the blood 


TOXEMIAS OF PREGNANCY IN WHICH THE FUNCTION OF THE KIDNEY IS NOT SUFFI 


CIENTLY IMPAIRED TO INFLUENCE THE CATALYTIC ACTIVITY OF THE BLOOD 


CASE 54 Patient E. S.. white woman, aged 32. Obstetrical No. 3879 

Clinical Diagnosis Eclampsia 

Delivery 

Urine: Total amount 6995-320 « specific gravity 1015; albumin 2 per cent; 
numerous hyaline and granular casts 

Blood-pressure 225 mm. Hg. Maximum coming down to norma (onvulsions 
eight before delivery, five after Coma present 


Recovery 
CASE 55 Patient M. E. W., white woman, aged 32 Obstetrical No. 3876. 
[his was the patient’s fourth pregnancy The last pregnancy normal though pre 
viously, following the second pregnancy, the patient had had a period of coma 
} 


and convulsions lasting a number of days 


Clinical Diaanosis.—Chronic nephritis; uremia 


Urine Total amount 4090-100 ec. specif gravity not ascertained: albumir 
3 per cent. to 0.5 per cent.; num is granular and hyaline casts; did not clear up 
ce mpletely 
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The patient had ten convulsions during seven days after admission; then 
became normal. Coma for twenty-four hours. Blood-pressure 160 mm. Hg 
Improvement 
CASE 56 Patient S., white woman ged 2] Obstetrical No. 4173 his 
was the patient’s second pregnancy rhe first pregnancy had been norma 
Clinical Diaqnosis.—Post partum e lampsia 
t Urine rotal amount 2700-1400 cx specific gravity from 1015 to 1010 
. albumin 25 gm. per liter for first two weeks then disappeared; casts 
] Convulsions, two following delivery The patient was semi-comatose with 
7 headaches Blood pressure 170-100 mm. Hg 
¢ Recovery 
CASE 57 Patient J.. white woman, aged 18 Obstet il N $214 This 
was the patient’s first labor 
Clinical Diaqnosis Ante-partum eclampsia 
Convulsions began about seven hours before delivery, three in number, befor 
delivery; but condition improved after delivery Blood-pressure 190 mn Hy 
remaining high for nearly two weeks 
Urine Amount 8500-2400 c.c¢ specif gravity 1010-1012 ilbur 
casts, numerous hyaline and granular casts on admissior 
Recovery 
CASE 58 Patient H., colored woman, aged 18 Obstetrical No. 4272 This 
was the patient’s second pregnancy The first was norma The patient had 
edema of feet and headache for two weeks before admissior numerous general 
convulsions after delivery; nausea and vomiting; no coma 
. Clinical Diagnosis.—Post-partum eclampsia. 
Blood-pressure 165 mm. Hg at delivery, reaching 125 in four da 
l'rine Amount 3600-5250 ec. specif ravityv 1012 imin 27 cent... dis 
ppearing in few davs: casts negative 
Recovery 
CASE 59.—Patient D white woman, agec : Obstetrical No $155 This 
was the patient’s first pregnancy 
Clinical Diaqnosis Intra-partum eclampsia 
The first convulsion occurred in the second stage of labor Numerous general 
convulsions followed during operative delivery and until deat} The patient was 
comatose Blood-pressure 130 mm. Hg \ 
Urine Amount 3730 c.c. ? ec specific gravit 1018; albumin > gm. per | 
liter; casts numerous, granular and hyaline T 
Death | 
{natomical Diaanos Periphe ral necrosis t ve! WV swelling of t 
viscera; acute splen ec tumor bronchopneumonia edema oT lung et : 
After death aqueous extracts were made of the liver, kidney and spleen in Py 
this case, and their power to split hydrogen peroxid was high This is of inter 
est compared with the low activity of organs from individuals dead of uremic 
; coma (Winternitz and Meloy) and would of itself suggest that eclampsia may 
oceur without any marked change in renal functior 
TABLE 32.—CATALYTIC ACTIVITY OF ORGAN EXTRACTS OM PATIEN DEAD OF 
ECLAMPSIA (CASE 59 
Catalase 
Ne 15 30 45 60 RB. 
] 13 16 18.5 21.2 
2 17.8 1.6 5.8 20.5 
} 13.6 17.¢ 20.4 24 
4 13.4 17.6 20.4 4 IS320010 
5 15 on 24 ‘An 4320000 
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In all of these cases except the second (Case 55) a clinical diagnosis 
of eclampsia was made. In the sixth (Case 59) the post-mortem findings 
confirmed this clinical diagnosis. Case 55 deserves a moment’s consider- 
ation. It concerned a woman in her fourth pregnancy. The second preg- 
nancy was complicated by a period of toxemic coma, but the third preg- 
nancy was normal. This fact alone would be of strong presumptive evi- 
dence in excluding a chronic nephritis for, with insufficient renal func- 
tions at one pregnancy, it would naturally be supposed that a succeeding 
pregnancy would bring about a similar condition. This was not true in 
this case, and only in the fourth pregnancy did a toxemia manifest itself. 
Had there been a renal insufficiency it is fair to assume that there would 
have been a marked fall in the catalytic activity of the blood such as is 
found in other types of renal insufficiency and in the following group of 


e 
toxemias of pregnant 


rOXEMIAS OF PREGNANCY IN WHICH THE RENAL FUNCTION IS IMPAIRED SUFFI 
CIENTLY TO CAUSE A FALL IN THE CATALYTIC ACTIVITY OF THE BLOOD 

Case 60.—Patient.—H., white woman, aged 29. Obstetrical No. 4225. This 
was the patient’s first pregnancy. Albuminuria had been present during her 
early pregnancy, with marked increase in the seventh month, swelling of feet 
and face, and vomiting 

Clinical Diaqnosis.—Toxemia. 

Operative delivery, convulsions during labor. Blood-pressure (max. 240 mm 
Hg) remained high for several days and only reached 160 mm. Hg one month 
later. Still later it again rose to 190 mm. Hg 

Urine: Total amount 150 e¢.c. on admission, later, large amounts: specific 


gravity 1045-1012. Albumin 35 gm. per liter on admission, decreasing to 4 om 
per liter. Casts, hyaline and granular 
LABLE 35 CATALYTIC ACTIVITY IN TOXEMIA OF PREGNANCY CASE 60 


Date 15” 30” 15” 60” 
12/16 9.6 13 16 19 On admission 
12/20 10.6 13.6 15.6 1g 
1/15 12.2 15.4 17.8 20.2 On discharge 
CASE 6] Patient C.. white woman, aged 33 Obstetrical No. 4197 This 


he 


was the fourth pregnancy, the first operative, the second and third normal. 1 
patient had had two miscarriages. There had been continuous vomiting through 
present pregnancy; swelling of feet for several weeks, then general edema, dysp 
nea, frontal headache 

Clinical Diagnosis—Pregnancy complicated by nephritis, toxemia 

Che condition improved somewhat during the first week of residence in hospi- 
tal when the pregnancy was terminated, Dec. 3 

Urine: Total amount 1600-4500 ¢.c.: specific gravity from 1010-1012; albumin, 


l gm. per liter: few hyaline and granular casts 


rantue 34.—CaATALYTIC ACTIVITY IN TOXEMIA OF PREGNANCY ASE 61 
_ —Catalase 
Date 15” 30’ 15” 60” Remarks 
12/ 2 9.6 12.4 14.8 16.6 Day before delivery 


12/17 12.8 16 18.4 20.2 Condition improved 
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CASE 62 Patient.—S., white woman, aged 24 Obstetrical No. 4182. This 
was the patient’s first pregnancy. Four days before admission the first convul 


sion occurred; before this headache, nausea and dimness of vision General 


convulsions followed before delivery. Following delivery condition gradually 


improved. 
Clinical Diagnosis.—Intrapartum eclampsia 


Urine: On admission 670 c.c.; specific gravity 1032; 


liter; many casts. Total amount, 5,000-6,000 ¢.c.; specific 
0.2 gm. per liter. Occasional granular cast. 


albumin 18 gm. per 


gravity 1010; albumin 


PraBLe 35.—CATALYTIC ACTIVITY IN TOXEMIA OF PREGNANCY (CASE 62 


Catalase 


Date Hs 15” 30” 45” 60” R.B«A 
11/12 v 12 15 17.4 3120000 
11/12 2 1 9.4 12.6 15 17.5 

11/13 1] 14.2 16.6 18.4 

11/14 10.4 13.4 16 16 3180000 
11/16 9.6 12 14.8 16 

11/18 0 12.4 15 16.4 8200000 
11/22 10.8 13.8 16. 18 ZUS4000 
12/ 1 10.4 13.6 15.8 17.2 


These three cases are distinct from the previous 
they show a marked decrease in the catalytic activ 


two the activity became greater al 


activity was still low on discharge. The urinary 

pressure likewise indicated marked renal disturban 
It seems, therefore, that t! toxemias of pregnan 

iter nto tw groups bv the detern lation ¢ the 


1. Cases in w h there is no change in the 
will include eclampsia without renal involvement. 
2. Cases with decreased catalytic activity. The 
ronic nephritis in which the excess work throw 
e fetus will bring about renal insufficiency; and 
th marked renal involvement. The significance 
n the prognosis for future pregnancies is clear. Int 
pregnancy may be normal. In the second it will n 
iter i emia, the esult of re 1 nsu ene 


CASE 63.—Patient G., white man, aged 50 Medical 


Clinical Diaqnosis—Sarcoma of liver 





Urine: Negative Edema of extremities; slight jaundi 

Death 

inatomical Diagnosis Alveolar sarcoma of liver with 

Case 64.—Patient.—A. E., white man, aged 65. Surgi 

Clinical Diagnosis.—Carcinoma of stomach confirmed 
otomy\ 


Urir Albumin, 0.75 gm. per liter 


Remarks 
Delivered at noon 
Blood-pressure 160 
mm. Hg 
Condition improved. 
Condition improved. 
Condition improved, 
Blood-pressure 130 
Patient in bed 
Urine still contains 
albumin and casts. 


of the blood. In 


le in the third the 


indings and blood 


can be differenti- 


atalytic activity ol 


se will include (a) 


on the kidneys 


this differentiation 


e first group future 


extensive metastases 


il No. 29313 


by exploratory lapa 
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Case 65.—Patient B. G., white man, aged 57 Medical No. 25329 


Clinical Diagnosis—Carcinoma of stomach confirmed by exploratory lapa 





rotomy Urine negative 
7 
rape 36.—CATALYtTICc AcTIvVITy IN GASTRIC CARCINOMA (CASES 63, 64 AND 65) : 
Catalase ; 
No 15 30” 15” 60” R.B. Hb. % : 
63 9.8 11.4 14.6 15.5 4824000 77 
ti4 10 13 15 17 3688000 62 i 
65 10 14 17 9) 47780000 70 
" , , | y 
Ir l three ot these cases the disease was extensive though the anemia 
was moderate In all three there was a decline in the catalytic activity 
of the blood which is apparently not in direct proportion to either the red 
blood-count or hemoglobin. It is evident therefore that with advanced 
malignant disease the power of the blood to split hvdrogen peroxid is 
dec reased Th 3 s of Importance n nterpretil hy Cie two very low read 
ings in cases of carcinoma of the bladder with retention of urine by par 
tial occlusion of the ureters. 
Diseases of the Hematopoietic Syst 
SECONDARY ANEMIA 
Case 66.—Patient.—J. L., white woman, aged 2] Medical No. 23736 _ 
Clinical Diaaqnosis Gastric uleer hematemesis melena 
Urine negative 
Recover, 
Catalase 
15” 30” 15 60 .. Bu Hib. % 
8 0.6 10.6 11.7 1960000 35 
PERNICIOUS ANEMIA 
CASE 67 Patient J.. white man, aged 52. Medical No. 65564 
Clinical Diaqnosis Pernicious anemia 
Urine negative Blood-pressure 90-100 mm. Hg 
Improvement 
TABLE 37.—CATALYTIC ACTIVITY IN PERNICIOUS ANEMIA (CASE 67) 
Catalase 
Date 15” 30” 45” 60° R.BA Hb.% 
10/17 16 2] 25 30 3200000 65 
10/19 14.6 19.2 93.4 27.6 3000000 : 
10/22 13.2 17.2 20 99 7 3300000 66 


LEUKEMIA 
CASE 68 Patient M. I white man, aged 46 Medical No. 25142 
Clinical Diaqnosis Lymphatic leukemia Urine negative 
CASE 69 Patient S.. white man, aged 31 Medical No. 24935 
Clinical Diaqnosis Myeloid leukemia 
Urine negative 
Case 70.—Patient.—R., white man, aged 50. Medical No. 25430 
Clinical Diaqnosis Myeloid leukemia 


Urine Hvyaline casts 











: 
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PABLE 38.—CATALYTIC ACTIVITY IN LEUKEMIA 
Catalase 
Cas 15 30 15 60 R.B. Ht W.B. 
' 6S 7 9 10.5 12 2041000 58 536000 
: 60 3.5 4 18 S40000 20 P3200 
¢ 70 1] 14.4 17 22 2644000 {8 600000 
4 Differential Count 
j Case P.M.N L. M L. Lyn S. Lys M 
: 68 2.6 6 { 02.6 0.6 
69 10 . 75 
70 57 4 j j 1 
| ese Cast n ti mise . e to I t “al 
ration They only show that marked chang the numb 
blood-cells influence the catalytic activity of the blood while similar 
variations in the white blood-count are of no sien ince (compart 
kemia Cases 1 and 6) 
SUMMARY AND CONCLUSION 
I. THE OXYGEN-CARRYING POWER OF TH LOOD AND THE CATALASE OF 
TILE BLOOD 
~ The enumeration of the cellular elements of the blood and their hen 
globin content can be of o1 mited value in determining thi 
carrying power of the blood. The oxvgen catalysts of the blood include 
oxidases, peroxidase, catalase and hemog ! ()] ese | n 
the one which up to the present has received the widest attention But 
It 18 needless to sa that t} time n t core vive the other ! 
carriers will be investigated in relation to their changes i1 seas 
Aside from the fact that eatalase has the p ‘ ( ! 
hvdrogven pero 1. littl . nown con T no the netior S me 
Its wide dist ion thi out anin 1 3] I 
sible for its importance ts intimat ‘ tior ! lase 
eems to int te that these two er es i related t 
‘ 
I CATAI ACTIVITY A M OF D ) 
} Nhe torat oan tha « nost lets t 
’ 
it ce of ft od le ed. is { { | , 
nlicated method of deter nation des ribed T =f t t 
responsible to some extent tor its restricts la Salall 
The study of the catalase of the blood in experimenta rroduced 
diseases of animals is confined to a few solated obser t ! | t S 
reason we have first interested ourselves in t s direction The res 
this work are recorded , P Cite th te fs that thes =“ 
the nucleus of the clinica ition of t est and they ma 1 
Summar! ed is fo ( S 
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A. The catalytic activity of human tissues is decreased in chronic nephritis 
and th 

lowest readings being obtained from the tissues of individuals dead of uremia. 
no other disease was a similar universal decrease in the power of the tissues to 


is reduction becomes more marked with the severity of the condition, the 
In 


decompose hydrogen peroxid observed. 
B. The catalytic activity of the blood of different rabbits varies within wide 
jlood-count. On the other 


limits. This variation is not dependent on the red | 


hand the catalytic activity of a single normal rabbit is constant from day to day 


over long periods of time. 

C. The catalytie activity of rabbit’s blood is reduced (1) after ligation of 
ureters; (2) after bilateral nephrectomy; (3) in uremic coma following uranium 
nitrate nephritis, ete. The tissues of these animals after death show a like 


reduction. 
D. The catalytic activity of rabbit’s blood is increased in early peritonitis, 


as is also the red blood-count. rhis change is, however, independent of the 


body temperature and white blood count. 
E. The removal of the thyroid gland causes a drop in the catalytic activity 


of the blood which is compensated, however, if thyroid be fed. 


F. Salts, acids, and alkalies inhibit the catalase of the blood when injected 


ravenously 
From the experiments outlined above it is evident that the power of 
blood to split hydrogen peroxid is influenced by several factors: (1) 
number of red blood-cells; (2) the thyroid gland; (3) the function 

Iney; and (4) the action of salts, acids, and alkalies. 
The method adopted is as follows: Blood (0.025 ¢.c.) is removed 
d 


i 


t in 10 c.c. of water. 


» lobe of the ear in a pipette. This is dilute 


It is placed in a 100 c.c. bottle 


‘ this dilution suffices for a test. 
re is also a vial 5 c.c. of neutral hydrogen peroxid. The 


is connected with a gas burette and the amount of oxygen 


measured over a given period of time (fifteen seconds). The 


e requires only a few minutes, the error is slight and no precau 


] ryY 


room te mperature and clean apparatus are neces 


he catalytic activity of the blood of a series of normal individuals 
physiological limits in 80 per cent. of the cases examined. 
20 per cent. amount of oxygen liberated varied within 
These variations are entirely independent of the number of 
ls and the hemoglobin. The nature of this variation is 
is, however, of the utmost 
the activity of the blood in diseased conditions. 


importance to bear this variation 


hen interpreting 
l of a singl 


On the other hand, the catalyti activity of the blood 
al individual is constant from day to day over long periods of tim 
is way a base-line can be obtained from which tl ficance 

in the activity can be readily interpreted 


activity of the blood in disease is a 
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A. Acute infectious diseases, including (1) typhoid fever, (2) diseases of the 
respiratory tract and (3) acute peritonitis presented the following variations: 

1. In typhoid fever during the early days of illness there is no change 
in the catalytic activity of the blood, but toward the third week there is a 
gradual fall accompanying the anemia. During convalescence this activity as 


well as the red blood-count again becomes normal 





2. In diseases of the respiratory tract there is a slight decline in the cata- 
lytie activity of the blood during the course of lobar pneumonia l e is no 
marked variation in the power of the blood to split hydrogen peroxid except 


where the disease is accompanied by a severe anemia 
3. In four or five cases of acute peritonitis examined there was a charac 
teristic rise in the catalytic activity of the blood. In one a reading had been 
made before the peritonitis occurred, while in the other three the increased 
activity was confirmed by the decline to normal following operation In the 
one instance in which no rise was obtained the reading was only made twenty 
hours after operation. In two cases of suspected peritonitis with high fever 
ind leukocytosis the catalytic activity of the blood was normal. In these cases 
the peritoneum was clean at operation 

B. Diabetes mellitus exerts no influence on the catalytic activity of the 
blood. The patients, however, were not in coma, and possibly the acidosis accom 
panying the coma might influence the catalase of the blood 

C. Catarrhal jaundice is likewise without effect. 

D. In diseases of the thyroid gland, both hypothyreosis and hyperthyreosis, 
the catalytic activity of a single patient’s blood is not constant from day to day 
In hyperthyreosis the activity tends to increase, while in hypothyreosis the 
ictivity assumes a level lower than normal This may be of significance in 
interpreting the condition of the thyroid gland where the signs and symptoms 
are atypical. 

E. The group of renal cardiac and cardiorenal cases, like the group of acute 
infectious diseases, presents variations 

In the subgroup of renal disease there are also variations, as follows 

1. Despite the presence of a marked nephritis, provided there are no sym] 
toms of renal insufficiency, i. e., uremia, there will be no marked change in 


the catalytic activity of the blood 


2. Where there is a chronic nephritis ac mpanied by indefinite s ptoms of 
renal insufficiency the catalytic activity of the blood will be irregular from 
day to day and will tend to assume a level lower than normal 

3. In acute mercurial nephritis there is a fall in the catalytic activity of the 
hlond 

$. With uremic coma there is a marked fall in the catalvtie act tv of the 
blood, which is permanent if the coma ends fatally but which recovers should the 


coma dis ippear;r 


5. With retention of urine due to obstruction of the lower urinary tract 


there is a marked decline in the catalytic activity of the blood s decline 
may persist for some time, but should the obstruction be removed the catalase 
will again rise 

Even in severe cardias sease there 1 ion { inve in the talvti 
ctivity of the blood In some cases it is hig! s mav be normal for these 
individuals, as it will be remembered that some normal individuals have a high 
activity. In no single case was the activit sufficiently decreased, after many 
readings had been made, to suggest renal insufficiency 

In three cases of cardiorenal disease in w h the elinical findines 1ecested 
1 renal insufficiency. the ecatalvt ret t f the ‘ was normal \t ut < 
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only a chronie passive congestion of the kidneys, the result of a decompensated 
hear vas found 

In two cases of cerebral hemorrhage the catalytic activity of the blood was 
high. Whether this is an increase over normal is not known but it is clear that 
the high reading would differentiate apoplectic coma from uremic coma. 

F. Neither pregnancy nor labor as such has any appreciable effect on the 
catalytic activity of the biood The toxemias of pregnancies accompanied by 
coma and convulsions can be differentiated into two groups by the determination 
of the catalytic activity of the blood 

1. Cases in which there is no change in the catalytic activity These will 


include eclampsia without renal involvement 





2. Cases with decreased catalytic activity. These will include (a) chronic 
neé itis in which the excessive work thrown on the kidneys by the fetus will 
bring about renal insufficiency and b) eclampsia, ete., with marked renal 
involvement. The significance of this differentiation in the prognosis for future 
pregnancies is clear In the first group future pregnancy may be normal. In 


the second it will most likely be complicated by a toxemia, the result of renal 


G. In malignant disease (two cases of extensive carcinoma and one of sarcoma 
accompanied by a slight anemia) there was a decline in the catalytic activity of 
the blood rhis did not vary with the anemia 

H. The cases of diseases of the hematopoietic system are too few to permit 
the drawing of any general conclusions. With marked anemia there is usually 
1 fall in the catalytic activity though in the cases examined there is no direct 


relation between these two factors Great variations in the white blood-cells in 


leukemias have no appreciable effect on the power of the blood to split hydrogen 


Tl nterpretation of the above results has been almost entirel\ 
dependent on the preceding experimental work. Where this interpreta 
tion is unsatisfactory we can only suggest that it is from the incomplete 
ness of the experimental studies. 

In conclusion we wish to thank Drs. Barker, Thayer, Williams, Halsted and 
Kelly, who so kindly allowed us the privilege of the ward cases, and the members 
of the various staffs who have constantly informed us concerning the patients 


n whom it was desirable to have observations 


16 South Broadway 
18. Recently a fourth case has come under observation in which, though there 
were clinical signs of renal and cardiac insufficiency, it was difficult to decid 
which organ was causing the present symptoms. The catalase at first was hig! 
2 c.c. of oxygen being liberated in fifteen seconds It was irregular from day 
to day, however, and toward the latter days of the patient’s life fell so that thre: 
days before death only 16 ¢e.c. of oxygen were liberated in the first fifteen seconds 
At autopsy an acute hemorrhagic nephritis superimposed on a slight chronic 
nephritis was found The heart was tremendously enlarged (weight 850 gm.) 


showed a chronic fibrous myocarditis and there was an extensive chronic passive 


congestion of the viscera rhis ease is particularly significant since, had the 
base-line not been obtained before the acute process with the renal insufficiency 
occurred, a reading of 16 c.c. might have been considered normal As it was, the 
iutopseyv findings corroborate the clinical findings and the test The patient prob 


ably suffered mostly from the cardiac condition at the time of the high reading 
while with the onset of the acute nephritis there was a fall in the catalase 


of the blood 














A STUDY OF THE INTERNAL FUNCTION OF THE 
PANCREAS IN CARBOHYDRATE METABOLISM * 


JOSEPH H. PRATT, M.D., ann LESLEY H. SPOONER, M.D 


BOSTON 


\ recent study! showed that rapid atrophy and sclerosis of the entire 
pancreas was produced by tying the ducts and separating the pancreas 
from the duodenum. In a dog killed two months after the operation 


the gland was reduced to a small mass of dense fibrous tissue. On micro 


scopic examination small areas of pancreatic acini were seen surrounded 
by connective tissue. Dr. Ordway, who made a careful histological study. 
failed to find anv remains of the islands of Langerhans in the atrophied 
eland. 


\ccording to the theory most generally accepted the islands of Langer 


1 ] 1 


ans furnish an internal secretion to the blood that enables the organisn 


) destroy sugar. The association of lesions of the islands and diabetes 


was observed by Opie? and Ssobolew* in 1900. Since that time man 


investigators have studied the nature and frequency of the pathological 


changes of these structures in diabetes, and definite lesions of the isla 
ave been found in a large proportion of the cases. It is held that if the 
islands cease to furnish the internal secretion the sugar in the bl] 
not be consumed and diabetes will result 

In the observation cited above the dog did not develop diabetes in 
S] te of the fact that the atrophy of the pancreas was extre and tl! 
islands were destroyed \s our finding could not be explained bv the 


} 


island theory of diabetes, it was deemed important to inquire further into 


the effect of atrophy of the pancreas on carbohydrate metabolisn 1 
lim} f tlati — lot , ty ry l dag na , : 
imit OL assimilation was determine 1 normal dogs and in a mais i 


1 


which atronhv of the pancreas had been produced 


*From the Laboratory of the Theory and Practice of Physic, Harvard Uni 


versity 

*Investigation made with the aid of a grant from the Proctor Fund for t 
Study of ( hronic Diseases 

1. Pratt, Lamson, and Marks, Tr. Assn. Am. Phvys., 1909, xxiv. 266 

2. Opie: Jour. Boston Soc. Med. Sc., 1900, iv, 251; Jour. Exper. Med., 190] 
V a 4 


3. Ssobolew: Zentralbl. f allg. Path. u. path Anat 1vOuU, x Al 4 

















be THE ARCHIVES OF INTERNAL MEDICINI 


I. LIMIT OF ASSIMILATION FOR GLUCOSE IN NORMAL DOGS 


T 


F. Hoppe* fed dogs with large amounts of cane sugar up 


to 200 gm., 
but never detected a trace of sugar in the urine. Claude Bernard,® on 
V 


the other hand, observed glycosuria after feeding dogs with smaller 


amounts of cane sugar (from 40 to 80 gm. per dog). 


The first exact determinations of the limit of assimilation for carbo- 





hydrates in normal dogs were made by F. Hofmeister.* His figures are 


surprisingly low. 


PaABLe | HOF MEISTER’S EXPERIMENTS 
Dog Weight Amt. Glu- Limit of Per Kilo 
cose which Assimilation 
Produced 


Glveosuria 


Gin Gm. (im, Gm 
\ 2750 7.0 6 22 ' 
B 3400 10.0 8 2.4 
( 1900 10.0 s 1.2 
I 5400 16.2 less than 3.0 
G 3850 5.0 less than 1.3 
W. Schlesinger’? found the limit of tolerance for glucose to be 10 to 11 
ri per kilogram of body we oht. Bor ri and De Andri s* gave the limit 


as 4 to 6 gm. per kilo when the glucose was given to a fasting animal. 


There was a rise to 10 to 13 gm. when the sugar was fed with other food. 
Quarta® asserts that the limit is much lower for male than female 


Tests made on four male dogs showed the average limit of toler- 


dogs. 


ance to be 4.06 gm. per kilo while the average obtained in experiments 


on three female dogs was 10.28 gm. per kilo. 


i 


De Filippi’? gave two dogs, each we ighing 12,25 





after they 


100 om. of pure glucose dissolved in 


had been fasting eighteen hours, 
500 gm. of water without other food. Neither dog developed glycosuria. 
When the dose was increased to 125 gm. the urine of one of the dogs 
remained free from sugar while the other showed within two hours a 
limit of tolerance was more than 8.2 gm. per kilo 


slight glycosuria. The 
for one dog, and more than 12.0 gm. for the other. De Filippi states 
that in an earlier investigation he gave to each of four normal! dogs 100 


om. of glucose in the morning on a fasting stomach. None of the animals 


developed glycosuria. 





4. Hoppe: Virchow’s Arch. f. path. Anat., 1856, x, 144 
5. Bernard: Lecons sur le diabéte, Paris, 1877, pp. 270, 320 

6. Hofmeister: Arch. f. exper. Path. u. Pharmacol., 1889, xxv, 240; xxvi, 355 
7. Schlesinger, W.: Wien klin. Wehnschr., 1902, xv, 768. 

8. Boeri and De Andries: Policlinico, Medical Section, 1898, v, 477. 

%. Quarta: Unpublished work quoted by De Filippi. 

10. De Filippi: Ztsehr. f. Biol., 1907, xlix, 511. 
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In Table 2 are given the results obtained by Pfliiger." 


raBLe 2 PFLUGER’S EXPERIMENT 


Dog Weight, Amt. Limit of er Kilo 
Glucose Assimilation, 
which 
Produced 
Glyco 
suria, 
No Gn Gm, Ce! (in 
I 11,900 ‘ more than 200 more than 16.8 
II 9,000 more than 100 more than 11.1 
Ill 11,700 225 200 17.1 
IV 7,900 more than 100 more than 12.6 
V 13,000 more than 150 more than 11.5 


The first three dogs (J, II, III) in this series were animals f1 


which the ducdenum had been removed; the remaining two (IV, V) 
were normal. Pfliiger was struck with the great variation between 


ter investigator added the glu- 


results and those of Hofmeister. The lat 


llv absorbed when fed in 


cose to a thin meat soup, which was more rapi 
this form than when given with chopped meat, which was the mode of 
administration adopted by Pfliiger. In tests made on one animal Pfliiger 
found that the limit of assimilation was lowered from “more than 11.5 
gm.” to “less than 8.0 gm.” per kilo of dog weight when the sugar was 


1 


given in soup instead of with hashed meat. It will be seen that Hof 


meister’s figures are much lower than those obtained by other investiga 
tors. No satisfactory explanation of this has been brought forward. It 


was certainly not due entirely to the fact that the sugar was given under 


conditions that favored rapid absorption, for De Filippi, who gave it 
in water without other food, obtained higher limits of assimilation, as 
did Pfliiger in his single experiment with thin meat soup. 

Methods —We added the glucose to weighed amounts of fin 


chopped beef heart and after adding about 100 c.c. of water. the sugar 
and meat were thoroughly mixed together. Commercial glucose was used. 
This was tested and found to contain 95 per cent. pure glucose. Except 
during the early part of the investigation a standard diet was given com- 
posed of 300 gm. of meat and 300 c.cm. of milk on the day preceding thi 
experiment. The animals were kept in metabolism cages, and the tem 


perature of the room was noted. The amount of sugar in the urine was 


limit of assimilation was calculated 


determined by the polariscope. The 
for pure glucose. 

The details of the tests on four normal dogs are given in Tables 3, 4, 
5 and 6. 


11. Pfliiger: Arch. f. d. ges. Physiol., 1908, exxiv, 1. 
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TABLE 3.—Limit oF GLUCOSE ASSIMILATION IN Doc 6* 
Date Weight Food Amount Su- Amt.of Amt. of Notes 
of Dog gar Urinein Sugar 
1909 Gm. Gm C.¢ Gm 
3/18 5,300 meat plus 530 
glucose lv 
3/19 meat 250 560 
lard ti 
glucose 25 
3/20 meat 250 420 
lard 10 
glucose 30 
,/2I meat 250 440 
lard 10 
glucose 35 
3/22 meat 500 175 Fehling’s solution 
lard 10 turned green 
glucose 45 
,/235 meat 250 
lard 10 
glucose $5 
Morning 
3 24 meat small amt Urine voided dur 
glucose 55 ing the day free 
Evening from sugar. 
meat 250 “+ 425 0.64 Polariscope .15% 
milk 100 
glucose 75 
rhe limit of assimilation was more than 9.8 gm. per kilo of body weight. 
TABLE 4 LIMIT OF GLUCOSE ASSIMILATION IN Doc FEMALE) * 
Da Weight Food Amount Su- Specific Amt.of Amt. of Room 
of Dog gar Gravity Urine Sugar Tem 
1910 Gm CA Gm. perature 
1/24 6400 meat 200 
milk 200 
1/25 meat 300 1025 i160 a « 
glucose 75 
1/31 meat 200 
milk 200 
/l meat 300 + 1055 212 0.6 
glucose vO 
the limit of assimilation was more than 11.1 gm. per kilo of body weight 
faBLte 5.—LIMIT oF GLUCOSE ASSIMILATION IN Doc 8 (MALE) * 
Date Weight Food Amt Su- Specific Amt.of Amt. of Room 
of Dog yar Gravity Urine Sugar Tem 
1910 Gm Gm Ct perature 
2/25 13,300 meat 300 1019 535 19.4 ¢ 
glucose 75 
,/] meat 300 1022 575 
glucose 100 
R/5 meat 300 1025 840 Trace 20 
glucose 125 
3/9 meat 300 1029 375 
glucose 115 
s/11 meat 300 1025 905 14.4 ( 
clucose 120 
3/15 11,900 
*The limit of assimilation was 9.5 gm. per kilo 
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raABLE 6.—LIMIT OF GLUCOSE ASSIMILATION IN Doc 9 ( FEMALE)* ; 


Date Weight Food (mt Su- Specific Amt.of Amt. of Room 








of Dog gm. or « gar Gravity Urine Sugar lem 
910 Gm i! cin perature 
8 7.600 meat 300 
milk 300 
,/9 meat 300 1049 200 15 
glucose 85 
14 meat 300 
milk 300 
3/15 meat S00 tie S00 19.4 ¢ 
glucose 95 
,/16 meat 300 
milk 300 
3/17 meat OO) 1040 105 7.2 ( 
glucose 110 
, 8] meat 300 
mi 300 
$1 meat 300 ! 1054 155 4.75 22.2 ( 
glucose 125 
to meat 300 
mil S00 
4/4 meat 3070 1060 148 21.1 
glu 125 
1/5 meat 300 
mil 300 
$+ & meat 500 L052 175 23.5 ( 
| yne 125 
iii so) 
mil ALD 
$/12 meat 300 1032 00) j 21.1 
rlucose 135 
4/13 meat 300 
milk 300 
$ ' meat sO) 1060 140 
glucose 135 
mit of assimilation was n thar 5.6 on ] f oht 
It W eP St . or ) t 1) J i 
" Any 1 when 122 g nae rere ; C x nt teste 
ne mained , m sugar when t s 4 nt 4 3 
I s js prob explained the fact that t r ved 
’ \ > InM i wea kent 11 ey 
: | , \ G4 \y 1() neider ‘ relic 2 eT On A 11 
~ T ne ’ ‘ t thy ] r r 
< ~ rit ’ S | () \ 1 ‘ 
| 
- ns sug + 4 ; 
() 7 ES t< 7) Y ' ( ~ g iT ; , , 
T ~ eport RB 1) \1 . 7: 
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ra 7.—LiMit OF ASSIMILATION FOR GLUCOSE PER KILO or Bopy We! 
IN NoRMAL Docs 
Dog 6 more than 9.8 grams 
Dog 7 more than 11.1 grams 
Dog 8 9.5 grams 
Dog 9 more than 15.6 grams 
Averay more than 11.5 grams 
I \I ) ASSIMILATIO OR GLUCOSE |! DOGS WITH ATROPHY OF TH 
PANCREAS 
\s stated in the beginning of s paper, Pratt, Lamson and Marks 
ive shown that if all the pancreatic ducts are occluded extreme atri 
of the gland occurs. The absorption of fats and proteins is so serious 
fected that the animals lose weight rapidly. 

Doc 5.—Young female Weight 5,700 gm. On Nov. 19, 1908, Dr. Murphy ' 
under ether anesthesia separated the pancreas from the duodenum, cutting all the 
tissues that unite the two except the main branches of the pancreaticoduodenal 
artery and vein, the preservation of which was necessary in order to prevent the 
necrosis of the duodenum. Two pancreatic ducts were recognized and these were 


between double ligatures. 
the 


cut 


and corpus pancreatis, 





The omentum 


WwW 


thus interposing a barrier « 


inserted between the duodenum 


f living tissue through 


) 





which pancreatic juice escaping from open ducts would have to pass before it 
could enter the intestine. . 
As soon as the dog began to eat meat the bulky stools contained a large 
sted muscle tissue. A metabolism experiment showed that only 
of fat and 32.1 per cent. of nitrogen were absorbed. There was a 
of weight in spite of an abundant diet. On January 12 it had fallen 
The urine was repeatedly examined, but it always was free from 
1909: Weight 5,100 gm 
February 23: Ten om. of glucose were added to the food, which consisted of 
meat and milk The urine gave no reduction with Fehlir 
February 24: Urine contains no sugar. 
February 26: Thirty-five gm. of glucose given with the regular food. I 
amount 650 ¢.c Fehling’s test positive. 
February 28 Urine, 350 c.c., specific gravity 1027, slight trace of album 
sugar present 
March 1 Urine is free from sugar 
March 2: Weight 5,900 gm Fed 30 gm. of glucose l'wo hours later voided 
25 e.c. of urine with 1.6 per cent 0.4 gm. of sugar. (Quantity estimated with 
Fehling’s solution.) During the following twenty-four hours 610 e.c. of urine ; 
collected [This was free from sugar 
March 3: Urine, 975 « specific gravity 1024; no sugar; slight trace of 
albumin 
March 4: No glucose given Urine, 1700 cx sugar present; 1.5 per cent 
25.5 gm. (Fehling’s method 
March 5: Urine, 1000 ¢.c.; no su 
March 6: Urine, 575 ¢.c.; no sugar 
March 8: Weight 6000 gm 
March 9 to March 29: Urine examined daily and found free from sugar 
Pratt, Lamson and Marks: Tr. Assn. Am. Phys., 1909, xxiv, 277. 








April 24: Fed 30 gm. of glucose with 200 gm. of n 


Four hours later found 65 c¢.c. of urine which contained 3.7 pet nt f sug 
amount 2.4 gm rhe urine passed later in the day was free f 

April 28: Weight 6400 on ; 

May 12 Given 20 gm. of alu e witl S00 of fin ; } 71 fn 
In the evening 200 ¢.c. of urine had been collect: - né ‘ 








M iy 29 Given 15 om. of aluco ith a me natatine , 
ind 250 ex of milk During t » « I $40 ‘ I iri \ I ( 
Fehling’s solution Amount of sugar 18 er 

May 30: Urine, 460 no suga 

June 2: Weight 6.800 ¢ 

June 3: Food, 10 om. of ’ > 5( m. 1 f 

June 4 No gl suria 

June 9 Food, 10 g 0 ¢ ! I é 
ontained no sugar 

June 1l: Weight 7000 on 

July 1: Weight 7000 gm 

July 6: Food, 15 gm. glu 250 gm. meat: 250 c.c. 1 l 65 
specific gravity, 1028 No reduction of | ! solu t tis t . 
formed, but after one hour fluid had a greeni color: the f i 
precipitate had formed and settled to the | tor 

July 14: Weight 6,900 or 

July 28: Weight 6,300 gn 

September 24: Food, 300 en meant . : y Q 

, rravity, 1039, no sugar 
September 27: Food, 1000 om. meat rm. glu f I e, 700 
gravity; 1023, no sugar I it of assi! ! t} 1.7 
October 17 Weight, 6,500 on 

November 10: No food for twent 

November 11: Food, 500 om. meat. 35 ( ‘ 

gravity, 1045, no albumin, trace of sug 

Novembe 12 Urine free from s 

December 1: Weight 6.300 om 

December 6: Weight 6.100 on 

December 13: Weight 5.800 om 

January 5, 1910: Weight 5.306 gm 

January 1] Weight 5,100 gm 

January 12: Food: 300 gm. meat, 30 om. « f Urine ) 0.89 
sugar. Limit of assimilation less than 5.9 oe per 

January 24: Weight 5000 gm 

January 25: Food, 300 gm. meat, 15 gm. ql f Urine. 265 ’ ' " 
no sugar 

; January 31: The dog is very thin and weal s cannot more that 

one flight of stairs ithout resting, and is unable te mp fr ‘ nt 
her cage, as she could formerly 

February 1: Weight, 4.700 om Food, 300 om. meat. 25 er ; Urine 
230 c.c.; specific gravity 1038, no sugar Limit of assimilatié more ! 5 
om per kilo 

February 3: To-day the fresh pancreas of the sheep idded to the t 
The dog was given two or three glands a dav 

February 9: The dog is now very lively and apparently stronger than she 
has been for two months. The stools are now small and firm. and do not ntain 
any excess of fat On microscopic examination onl) 1 few mus fibers, and 
no starch granules are seen \ metabolism experiment conducted ver four d s 
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February 8 to February 11—showed that 88.7 per cent. of the fat contained 
in the food was absorbed and 82.2 


February 14: Weight 5,300 gm 


per cent. of the nitrogen 


February 18 Weight 5.800 om Food, 300 gm. meat, 300 e¢.c. milk, two 
sheep’s pancreas 

February 19: Food, 40 gm. glucose; 300 gm. meat; two sheep’s pancreas. 
The dog appears ravenously hungry; she eats the pancreas first, picking the 
glands out from the mixture of pancreas and chopped beef-heart. Urine, 275 
c.c.; specific gravity 1041; no sugar Room temperature 16.2 ¢ 

February 21: Weight, 5,900 gm 

February 23: Weight, 6,000 gm Food, preliminary diet with three pan 

eatie glands 

February 24 Food, 50 gm. glucose, 300 gm. meat, three pancreatic glands 

Urine 240 ex specific gravity, 1049; no sugar 


February 28 Weight, 6,400 gm. The dog has never been in better condition 

March 3: Weight, 6,400 gm 

March 8: Weight, 6.600 om Preliminary diet of 300 gm. of meat and 300 
e.c. of milk with three fresh pancreas 

March 9: Sixty-five gm. of glucose with 300 gm. of meat and three pancreas 
Urine, 320 ¢.c.; specific gravity 1040; no sugar. Room temperature 15 C. 

March 15: Weight 6.900 gm The dog was fed to-day 80 gm. of glucose with 


300 gm. of meat and three pancreatic glands Urine, 350 c.e specific gravity 
1039: no sugar Room temperature 19.5 ¢ 

March 16 Food, 300 gm. of meat, 300 ¢.c. of milk and three fresh pancreas 

Mareh 17: Food, 100 gm. of glucose with 300 gm. of meat and three pancreas 
Urine, 240 ec.ec specific gravity 1039 Sugar present; amount 0.81 gm. Tem 
perature 17.3 ¢ 

March 18: Weight, 6900 om The feeding of the fresh pancreas was stopped 
t i 


March ?] Food, 300 om. of meat and 300 e.c. of mil 
March 22: Weight 6600 gm 


March 23: Food, 80 gm. of glucose with 300 om. of meat Urine, 225 ¢ 
pecifie gravity 1040 No sugat Room te mperature 18.9 ¢ 

Mare! 0 Weight 6500 em 

March 31: Preliminary diet of 300 gm. meat and 300 ¢.c. milk 

April 1 Given 80 gm. of glucose with 300 om. of meat Urine. 230 ee 
necific gravitv 1031 No sugar lemperature 22.2 (¢ 

April 3: Preliminary diet of 300 gm. of meat and 300 e.c. of milk 

April 4: One hundred gm. of glucose with 300 om. of meat Urine, 230 « 

vit? 1036: no sugar Room temperature 21.1 ¢ 

April 5 Regular preliminary diet 

April 6 Weight 6000 om Fed 100 gm. of glucose and 300 om. of meat 
Urine, 170 « specific gravity 1054: no sugar Reom temperature 23.9 ¢ 

\pr 11 Preliminary diet 

April 12 Weicht, 5.800 om Fed 100 om. of glucose with 300 om. of meat 
Urine, 285 ex specific gravity 1031: sugar 1.45 om Temperature 21.1 ¢ 

April 21 Preliminary diet 

April 22: Weight 5.600 on Given 100 en f al e with 300 om. of meat 
Urine HD C4 specific gravity 1034 no sugar 

\pr 6: Weight 6.200 om 

\ 9: Preliminary et 

April 30: Given 100 om. of alucose with 300 on f meat Urine, 300 e.c 
pecifie gravity 1032 Sugar 2.01 on 

Mav 1 Urine, 475 e.c¢ specific gravity 1020: no sugar 


This dog has lived without any pancreatic secretion entering the intestine 


from Nov. 19, 1908, until the present time. In one experiment 95.2 per cent. of 


the fat the food was excreted in the feces 
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TABLE 8 LIMIT OF GLUCOSE ASSIMILATION IN Dog 5* 
Date Weight Sugar in Limit of Sugar in 
Food Assimilation Urine 
for Glucose? 
per kilo 
Gm Gm im Gin 
3/2 /09 5.900 glucose 30 less than 6.5 0.4 
lactose 10 
+0) 
5, 12/09 6.400 glucose 20 
lactose 13 
30 ess than 0 } 0.6 
5 2O/09 6.800 glucose 15 
lactose 1S 
s ess than ,9 Ss 
6/3 /09 6,800 glucose 10 more thar 16 ry 
6/9 /09 7.000 glucose 10 more than | 0 
7/6 /09 7.000 glucose 15 
lact 13 
Phe | ; ul ~~ lraee 
glucose 30 more than 1.4 0 
6.500 glucose 35 less than 5.1 ' Trace 
5.100 co lucose 30 less than 5.6 , Oxo 
1/25/10 5.000 glucose $5 more than 2.9 0 
9/] 10 1.700 glucose 25 more than 5.0 0 
2/19/10 9.800 glucose 40) more than O.6 0 
2/24/10 6.000 glucose 50 more tuan 7.9 0 
3/9 10 6.600 wluecose 65 more than 9.3 0 
3/15/10 6.000 glucose 85 more than 11.7 i 
3/17/10 6.900 glucose 100 more than 13.8 0 
1/4 lo 6.000 glucose 100 more than 15.8 0 
1/12/10 5.800 glucose 100 less thar 16.3 4 145 
$/22/10 5,600 glucose 100 more than 16.9 0 
1/30/10 6.200 vlucose 100 more than 15.3 0 
*Young femal weight 5700 gn pancreas separated fron iodenum 
19. TO0OS8 
Fresh pancreas fed fr I lat St Mar s 
Calculated for pure glucos 
Atrophy of the pancreas takes place ty after a t 
re oc uded al | Hess If nd seer = the nancreas « f t a ree ( 


sive atrophy and sclerosis in two months \s the dogs have showr 
atropl V ot th pancreas, varving in extent with the engt of time aiter 
operation, there is everv reason to believe that in Dog 5 there has 


extreme atrophy of the pancreas for many months 
In spite of the progressive atrophy of the epithelial structure 
nancreas, the dog has not developed diabetes \ summary the r 


in the glucose assimilation tests is given in 7 Ne s e tlorerance I 
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carbohydrates was not determined previous to the operation on Nov. 19, 
1908. The first experiment on March 2, 1909, about three and a half 
months after occlusion of the ducts, showed that the limit of assimilation 
was less than 6.5 gm. per kilo, while the average assimilation in our nor- 
mal dogs was more than 11.5 gm. This observation furnishes additional 
evidence of the important part played by the pancreas in carbohydrate 
metabolism. From the seventh to the ninth month after the onset of 
atrophy of the organ the assimilation was less than 3.9 gm. per kilo. 


Then a slight increase occurred and in the eleventh month (test made 


a 


September 27) more than 4.4 gm. per kilo were taken without producing 


glycosuria. The gain was slight and near the end of the twelfth month 
the assimilation was less than 5.1 gm. per kilo. 

This study gives no definite support for the view that there is compen- 
sation by other organs when the internal function of the pancreas becomes 
impaired. 

No direct relation can be traced between the general condition and 

power to assimilate sugar. In July, 1909, when the dog weighed its 

im and was strong and active, the limit of assimilation was less 
38 om. per kilo, while on Feb. 1, 1910, when the weight had 
ropped to the minimum, the limit was more than 5.0 gm. per kilo. 

Doc 4 Male, weight, Dee. 2, 1908, 11,100 om The operation of occluding 
the ducts and separating the pancreas from the duodenum was performed by Dr. 
Murphy on December 12 

Metabolism experiments on this dog have been reported.' There was severe 
disturbance in the absorption of fats and proteins after the exclusion of the 
pancreatic juice from the intestine and the dog lost weight rapidly During 
January the urine occasionally caused a slight reduction of Fehling’s solution. 

February 22: Weight 7,800 om 

February 23: Dog given 10 gm. of glucose. The urine remains free from 
sucar 

February 24: Dog given 20 gm. of glucose. No glycosuria 

February 26: Dog given 35 gm. of glucose. The urine reduces Fehling’s 
solution. Limit of assimilation less than 4.5 gm. per kilo. 

February 27 to March 2: The urine each day reduced Fehling’s solution, 
slthough no more glucose was fed. 

March 3: Urine did not reduce Fehling’s solution 

April 20: Weight 7,600 gm 

April 24: Food, 30 gm. of glucose, 200 gm. of meat, 225 c.c. of milk. No 
glycosuria resulted 

April 25: Food, 35 gm. of glucose, 150 gm. of meat, 10 gm. of lard. Urine 
250 ¢.c.; 0.6 per cent. sugar, amount 1.5 gm 

May 11: Weight 7,800 gm 

May 16 Food, 300 gm. of glucose, 250 oem. of meat, 250 c.c. of milk Urine 
free from sugar Including in the estimation the lactose of the milk, the limit 
of assimilation is more than 5.4 gm. per kilo 

June 3: Weight 6,600 gm. The dog was given 30 gm. of glucose with meat 
In the afternoon 150 c.c. of urine were found which contained 4.5 gm. of sugar 
Limit of assimilation less than 4.3 gm. per kilo 

June 4: Weight 6,400 gm Urine, slightly acid, specific gravity 1021, slight 
trace of albumin, no sugar. Sediment contained many red blood corpuscles, some 
leukocytes and a few hyaline and finely granular casts 
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On June 4, Dr. Murphy removed the dense inflammatory tissue which occu 
pied the side of the pancreas. The outlines of the organ were completely lost 
rhe sclerotic mass was identified as the remains of the pancreas by the dilated 
duct passing through it. In breaking up dense adhesions the liver was torn. 

June 5, the dog was found dead. He had passed 55 c.c. of urine. This was 
acid and had a specific gravity of 1012. Fehling’s solution was turned green. 
and after standing a slight deposit of yellow cupric oxid formed at the bottom 
of the test-tube. The polariscopic examination showed about 0.1 per cent 
of glucose. 


Autopsy.—June 5, 1909, by Dr. Thomas Ordway. 


Anatomical Diagnosis: Massive hemorrhage into the peritoneal cavity; sac 
culated periduodenal abscess with fistula into duodenum; chronic fibrous peri 
tonitis (adhesion of omentum, duodenum, pancreas and liver); contusion of 


liver; distention of gall-bladder; acute and chronic pyelonephritis; atrophy of 
pancreas and dilation of pancreatic duct. 
Body is that of a fairly well-developed and poorly nourished, somewhat emaci 


ated, young male dog. Weight 6,170 gm. ‘There is marked rigor mortis; no 
edema. Between the ensiform and umbilicus in the median line is a recent 
incised wound sutured with interrupted sutures of silk-worm gut rhe edges are 


clean and agglutinated. Subcutaneous and thoracic abdominal fat very scant 

Peritoneal Cavity: Peritoneum is everywhere blood-stained and the pelvis 
is filled with fluid blood. Pelvis and flanks contain about 60 c.c. of fluid blood. 
the omentum, duodenum and liver are bound together by firm adhesions, forming 
a mass which is 6 by 5 em. in size. On the outside this is blood-stained (appar 
ently caused by attempt to break up adhesions at operation on June 4). No pan 
creatic tissue can be recognized. The lymph-nodes in the vicinity of this mass are 
considerably enlarged. On section they are of a dark red color. On the left hand 
and lower portion of the mass above referred to is a hemorrhagic stump with 
apparently dilated pancreatic duct in the center. Incision into the mass discloses 
an irregular, sacculated, abscess cavity surrounding the duodenum anteriorly and 
laterally, and communicating with the duodenum by the fistulous tract 2 cm. 
below the pylorus. For 10 cm. from this point the duodenum is markedly thick- 
ened, the wall varying from 0.3 to 1.2 cm The mucosa is elevated, roughened, 
reddened and in places ulcerated. Serial sections through the thickened duodenal 
wall adjacent to the abscess and the mass of surrounding adhesions show no defi 
nite evidence of pancreatic tissue. Dilated ducts are found, about which is firm, 
fibrous tissue in which is an occasional small punctum, possibly the remains of 
glandular tissue. 

Pleural and Pericardial Cavities: Norma] 

Heart: The right auricle and ventricle are much distended by cruor cl 
{ll cavities are apparently moderately dilated, particularly on the right side 
the myocardium, endocardium and valves are normal 

Lungs: These are very pale, collapsed and normally crepitant throughout 

Spleen: Weight and size normal (estimation). On the outer border are three 
or four slightly elevated, yellowish nodules varying from 1 to 4 cm. in diameter 


On section these are sharply circumscribed, circular areas without definite soften 


ing 
Gastro-Intestinal Tract Stomach is empty ruge prominent; d 


mdenum 


described above. The small intestine is collapsed and empty The large intestine 
contains considerable slate-colored, pasty, fecal material 

Pancreas: See “Peritoneal Cavity 

Liver: The right lobe is adherent at the lower portion to the mass above 
described At one portion the adhesions are somewhat separated, leaving a hem 
orrhagic surface. Three em. from the area of adhesions in the substance of the 
right lobe is a large nodule 3 by 2 em. in diameter, considerably firmer than the 
liver tissue elsewhere. On section this is of a general grayish vellow color and has 


a somewhat fibrous appearance, being in marked contrast to the normal chocolate 
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brown liver parenchyma The gall-bladder is enormously distended, measuring 
rhe common duct runs through the mass of adhesions about the 
Pressure 


5 by 6 by 3 em. 
duodenum and is apparently 
gall bladder, however 


pressed on by the periduodenal abscess 
on the causes thin, yellowish fluid to flow freely into the 
duodenum 

Kidneys: Weight, 90 gm lhe 
face On section the pyramids i 


capsule strips freely, leaving a smooth sur 
their inner third have a distinctly vacuolated 
The 


This increases as the pelvis is approached 
appearance The 


or finely fenestrated appearance 
mucosa of the pelvis is roughened, reddish and has a granula 
pelves contain 0.5 c.c. of slightly turbid fluid 

Bladder, Genital Organs and Aorta: 


Thyroid Gland: Both lobes are 


Adrenals, Normal 
Organs of Neck: easily found and the two 
ire equal in size, measuring 3.5 by 1.4 by .8 em 
VWicroscopical Examination Fragments of tissue removed by Dr. Murphy at 
dense connective tissue with a few dilated ducts No defi 
Many sections from the stump of 


vicinity of the periduodenal 


operation consist of 
nite islands of Langerhans or acini are seen. 
the pancreas, i. e., the proximal portion and the 
} 


abscess show acute and chronic inflammatory tissue.’ 
] , fr " 
an instance of sue 
] hi ase. On naked-eve exam) 


as develope 
pancreatic tissue could be found. Microscopic examination 
nodule 0.6 em, | 0.6 em., mad uy of acini and 
gerhans imbedded in connective tissue. Althoug] 


no 
1 

small 

lense 
is almost total destruction of Lhe pancreas, not only did diabetes 
lop but the dog was able to milate three weeks before its deat 
f glucose per | . On the other hand, the profound 

of atrophy of the pancreas on carbohydrate metabolism was shown 


the reduction of the limit of assimilation to less than 4.5 gm. per kil 
Slight variation 1 


n three months after the onset of the atro 
increase with the passage 


was no definite 


7 


eurred. There 
last test, made two d 1Vs be tore the dog’s death. <] owed 
had been three months pr 


imilation to be as low as it 
f the 


lveosuria following the removal o 


lv death of the animal. Transi- 


Deed 
operative procedures whe n the nancreas 
e heen the resi It of the operation, 


ie to the removal of a few areas 
remained is more probable. No dog has evet 
lop diabetes when the entire pancreas has been extirpated 
vpothesis that the organism will compensate in some way if tl 
of the pancreas is gradually lost has as vet no c! 


fun tion 
e to support it. 
Doc 8.—Male, weight March 15, 1910, 11,900 gm 
March 16: Operation under ether anesthesia by Dr. F. T. Murphy. The corpus 
pancreatis measured 11 cm. by 2.7 cm., the processus uncinatus 8 em. by 2 em., 


and 


the processus lienalis 8 em. by 3 cm 4 duct was found near the center of the 


13. In one block of tissue examined since this paper was written, a small nodul 
of pancreatic tissue 0.6 by 0.6 em and in this among the acini 


numerous islands of Langerhans can be clearly made out 


in size was found, 
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corpus pancreatis. A wedge-shaped mass of gland tissue, 1 em. by 1 em. in size 
was left around this duct with its base in contact with the duodenum At the 
distal end of this mass the duct was cut between double ligatures The remain 


der of the pancreas was entirely separated from the duodenum, except for a few 


connecting blood-vessels, which were left intact Only two pancreatic ducts were 
recognized. The omentum was placed between the cut surface of the pancreas and 
the duodenum. The dog made a rapid recovery 

March 20: Weight, 10,000 gm. 


March 22: The abdominal wound is clean and dry Food, 150 gm. of meat 
400 c.c. of milk. The urine is high-colored, specific gravity 1019. There is a large 
amount of albumin; no sugar rhe sediment contains many fresh red-blood c 
puscles, and a large number of spermatozoa 

March 23: Urine smoky Albumin present No sugat Ihe sediment contains 
a few fatty and brown granular casts, and many fresh and disintegrated red 


blood corpuscles, 

March 30: The dog is active and strong, although he looks emaciated. Weight 
8.200 grams Food, 100 gm. of glucose; 300 om. of meat Urine, 320 ex spe 
cifie gravity, 1036; no albumin; sugar, 0.63 per cent amount, 2.02 gm Ihe 
feces are normal in appearance, but contain an excess of muscle fibers; no fat 
visible 


March 31: Preliminary diet, 300 gm. of meat and 300 c¢.c. of milk 


April 1: Food, 90 gm. of glucose and 300 gm. of meat Urine, 295 ex syn 
cific gravity, 1039; a slight trace of albumin; sugar, 0.61 per cent.; amount 1.80 
gm.; sediment contains very many blood cells and a few spermatozoa; no casts 


found. Room temperature 22.2 ¢ 

April 3: Preliminary diet as before 

April 4: Food, 65 gm. of glucose; 300 gm. of meat Urine, 265 « sugal 
0.14 per cent.; amount, 0.37 gm Room temperature 21.1 ¢ 

April 5: Preliminary diet. The dog had the freedom of the yard 

April 6: Weight, 8.400 gm. Food, 50 gm. of glu f }00 om. of meat lL rine 


225 ¢.c.; no sugar. Room temperature 23.9 ( 

April 11: Preliminary diet 

April 12: Food, 60 gm. of glucosé 100 gn f meat Urine, quantity not 
letermined as some was lost; sugar, 2.0 per cent Room temperature 21.1 ¢ 


PABLI 0 SUMMARY OF GLUCOSE fF EEDIN( EXPERIMENTS AFTER SEPAR 


PANCREAS FROM DUODENUM Dog 8 


Date Weight Amt.of Limit of Assimila Si 

Sugar tion for Glucose 

Glucose ) per Kilo* 

in Food 

cn (7m Cin 

1910 
3°30 8.200 100 less than 11.6 2? 02 
i/ 1 90 less than I18 1.80 
} | 65 less than 7.5 0.37 
1/6 8.400 50 more than 5.4 0 
4/12 60 less than 6.8 Amount m 


determined 


Caleulated for pure glucose 


Before the operation it was necessary to feed the dog 125 gn of gluco 





order to produce glycosuria Within three weeks after the onset of atrophy of 
the pancreas sugar appeared in the urine when 65 gm. of glucose were giver 
This represented a decrease in the limit of assimilation from 10 gm. per kilo to 


less than 7.9 gm. 
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Schulze,?* Ssobolew'® and De Witt'® assert that after occlusion of the 


pancreatic ducts the islands of Langerhans remain intact. The state- 


ment that the acini degenerate, but the islands undergo no change has 
often been brought forward in support of the island theory of diabetes. 
If tying all the ducts produces no pathological alterations in the islands 
how can the rapid loss in the power of the pancreas to destroy sugar in 
the organism which was observed in this animal be explained? It would 
certainly be difficult for defenders of the island theories to reconcile the 
great reduction in the limit of assimilation with the observations of the 
investigators just cited. To shut off all the pancreatic secretion from the 
intestine is a difficult task, as was first recognized by Hess.'* It has been 
often attempted, but rarely accomplished. In dogs and cats in which we 
have entirely prevented the entrance of pancreatic juice into the intestine 
there was a speedy and progressive destruction of the islands of Langer- 
hans. At the same time, marked disintegration and destruction of the 

ni took place, so that our observations offer as much support for the 

nar theory as for the island theory of the origin of diabetes. The view 
that alterations in the acini are the cause of diabetes is held by Hanse- 


mann,?* Herxheimer,?® Gutmann,?® Schmidt,”* and Karakascheff.*? 


LIMIT OF ASSIMILATION INCREASED BY FEEDING FRESIT PANCREAS 


Pfliiger** has shown in a careful critical study that the glvcosuria in 


diabetes has never been diminished by the introduction into the body 


} 


pancreas or pancreatic preparations. Zuelzer** has recently stated that 


ie has caused a temporary decrease in the amount of sugar in the urine 
of diabetic men and dogs by the intravenous injection of a pancreatic 
ormone.” It seems quite evident from the studies of Forschbach*® 
the decreased elimination of sugar was due to the toxic action of 
the material injected rather than to the presence of a specific substance 
n the preparation. 
Hédon** has asserted that the existence of an internal secretion of the 
pancreas will not be demonstrated until it is possible to check diabetes 
nereatized dog by the introduction of a pancreatic product 


14. Schulze: Arch. f. mikr. Anat. u. Entweklingsgesch., 1900, lvi, 491 
15. Ssobolew: Virchows Arch. f. path. Anat., 1902, elxviii, 91 
16. De Witt: Jour. Exper. Med., 1906, viii, 193 
17. Hess: Arch. f. d. ges. Physiol., 1907, exviii, 536. 
18. Hansemann: Verhandl. d. deutsch. pathol. Gesellsch., 1901, iv, 187, Ber 
19. Herxheimer: Virchows Arch. f. path. Anat., 1906, clxxxiii, 228 
20. Gutmann: Virchows Arch. f. path. Anat., 1903, clxxii, 493 
21. Sehmidt: Miinchen. med. Wehnschr., 1902, xlix, 51. 
2. Karakascheff: Deutsch. Arch. f. klin. Med., 1904, Ixxxii, 60 
Pfliiger: Archiv. f. d. ges. Physiol., 1907, exviii, 267. 
24. Zuelzer: Ztschr. f. exper. Path. u. Therap., 1908, v, 307. 
25. Forschbach: Deutsch. med. Wehnschr., 1999, xxxv, 2053 
26. Hédon: Travaux de la Physiologie, 1898. Quoted by Pfliiger. 


> 
9 
> 
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The study of the effect of feeding fresh pancreas to animals with a 
lowered limit of assimilation for glucose was undertaken with the hope 
of gaining some information in regard to the internal secretion of the 
pancreas. 

The limit of assimilation in Dog 5 was tested at frequent intervals 


over a period of fourteen months following the separation of the pancreas 
from the duodenum. As has already been stated, the tolerance for glu- 
cose varied during this time from less than 4 gm. per kilo of body weight 


to more than 5.3 gm. per kilo. On Jan. 12, 1910, nearly fourteen months 


after the operation, the feeding of 30 gm. of glucose produced glycosuria. 


From February 3 to March 18 the dog was fed two to three raw pancreas 
a day. The limit of assimilation rose rapidly and steadily as is shown 
in Table 8. On March 17, the day the administration of pancreas was 


discontinued, the limit of assimilation was more than 14.5 gm. per kilo, 


which represented an increase of more than 100 per cent. in the dog’s 


power to destroy glucose. While the pancreas was fed the absorption ol 


fat and protein was almost normal and the dog cained more than 2 kilos 


As soon as the feeding of the gland was discontinued there was a loss of 


weight. The limit of assimilation did not fall for more than a mont! 
afterward. This is a remarkable fact. The test made on April 30, six 
a 


weeks after the last fresh pancreas had been given, showed that this do 


with an atrophied and sclerotic pancreas had a greater power to assimilate 


sugar per kilo of body weight than any normal animal in our series. It 
would be futile to speculate on the cause of this increase until more 


experimental data have been accumulat 


IV. SUMMARY 


There is a rapid decrease in the power to assimilate glucose after the 
mset of atrophy of the pancreas. 
The persistence of a low limit of assimilation for more than a 


shows that the other organs of the body compensated imperfectly if at 


all for the pancreatic insufficiency. Diabetes did not develop in any 


inimal, although in two the atrophy and sclerosis of the pancreas wer 


xtreme. It cannot be denied that the retained ability to consume sugar 
in animals with the pancreas almost totallv sclerosed was possibly due to 
the organism. 


some compensating action elsewhere in 

The limit of assimilation in a dog with atrophy of the pancreas which 
had been under observation fourteen months was increased more than 
100 per cent. by feeding fresh pancreas 


313 Beacon Street 

















It is the 

at leads me to offer this report. 

Involvement of a few of the glands is very commonly found at ope 
ation or autopsy: general involvement occurs frequently) Localized in 
the appendix region tuberculous adenitis forms a well-known surgica! 
ind clinica! picture. Localized in the region of the duodenum, as in th 

se here reported, producing certain clinical aspects, it may occut 
ore often than we know, but a search of the literature of the past thirt 
rs has brought to light only one similar case coming to autopsy. 
This is described by Moynihan! in his recent work on duodenal ul 
nd is included in his list of cases of tuberculous ulceration of the di 
denum. It was first reported by Trier in 1863. The patient had pain 
seven vears a little above and to the right of the umbilicus. coming 
on within three or four hours after eating. He had one attack of sever 
hematemesis, was jaundiced and had a tender tumor in the epigastriun 
Necropsy revealed in the duodenum close to the pylorus a circular open 
ading into a cavity containing in its lumena thrombus. There ( 
tubercles in the apices of both lungs 
(1 yne other case was found with similar clinical symptoms, and 
this no statement was made localizing the processes bevond stating it 
was one ntestinal tuberculosis. In 1899 Drs. D. R. Brower and C. .J 
Habheggar® reported a case of intestinal tuberculosis in which there were 
elands palpable in the n ixille and groins, tenderness and pain 
the epigastrium, a subicteric tinge to the skin and vomiting of blood. T) 
patient reacted to an injection of tuberculin. There was no autops 
The subject of tuberculous ulcerations of the pylorus and adjacent glands 
was thoroughly covered in 1905 by Ricard and Chevrier,* and since it is a closely 
1. Moynihan. B. G. A.: Duodenal Uleer, Philadelphia and London, 1910, 
81, quoting F. Trier, Uleus corrosivum duodeni, Copenhagen, 1863 
»? Brower, D. R., and Habhegger, C. J Further Observations on the Chl 
of Gold and Sodium, Jour. Am. Med. Assn., 1899, xxxiii, 1337. 
3. Rieard and Chevrier Rev. de Chir Paris, 1905, xxxi, 557. 736: 1905 
xxxii, 74. 
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related condition a few words in that connection may be of interest Out of 
eighty-five cases of gastric tuberculosis the pylorus was involved in thirty cases 
with stenosis in sixteen cases. In four of these sixteen the duodenum was also 
involved. Among the eighty five cases the duodenum was involved in ten The 


uleers at the pylorus were surrounded by a circle of caseous glands, into some 
of which fistulous openings led. Some of these leading from the stomach to the 
duodenum under the ulcer are referred to as fistules gastro-duodénales. The peri 
gastric glands were involved in 32.7 per cent Among the cases with pyloric 
stenosis the number of tuberculous glands amounted to 56.25 per cent In some 
ases there was glandular enlargement involving the pylorus, but without any 
uleeration. Ricard and Chevrier state that tuberculosis of the perigastrie glands 
oceurs in 2.1 per cent. of all cases of primary tuberculous adenitis. Beside the 
suprapyloric and retropyloric glands, glands were often noted at the hilum of 
the liver, that is, subpyloric These tuberculous glands are always multiple and 
may form very large tumors in the pyloric and pancreoduodenal region. Ricard 
ind Chevrier conclude that the bacillus of Koch gains entrance through the 
lymphatic system in the cases of stenosing adenitis, and through the mucous 
membrane in the non-stenosing local and most of the mixed cases 


The following case, then, is worthy of reportit on account of its 
rity 

REPORT OF CASI 
History An Irish widow aged 52, occupation housework, previously a laun 


lress, entered the Worcester City He spital Oct. 9, 1909 Her father lied of 
onsumption; otherwise there is nothing of importance in the family history 
rhe patient remembered nothing about the diseases of childhood, but thought 


on account of deafness which she had had for many years, that she had had scarlet 





‘ Qn? 
Mareh, 1907 





fever [he menopause occurred six years before admissio1 Afte 
she had abscesses on both sides of her neck, some of which ruptured spon- 


weously ; others were operated on at various times. the first time being May 


10, 1907. Most of these had not healed but had continued to dis iru 
For these the patient was treated by the ordinary surgical methods, also with 
luberculin R. and a Staphylococcus pyogenes albus vaccine later with Tuber 
culin B. E. for about six months with no apparent effect She had been giver 
potassium iodid in wood-sized doses at two or three different times thout t 


There had been some cough for a few months, but she did not complain of it, and 
her lungs were found normal October, 1907. In Mar 1908, ther ere 


a few moist rales at the apex of the left lung in front, with diminished resonance 


ind fremitus. On March 20, 1909, she was sent to the Worcester City Hospital 
for an attack of jaundice She had pain over the region of the gall-bladder, an 
; ; 


at McBurney’s point for three days, and was markedly jaundiced for several 


days, with bile in the urine Her lungs showed a few crackling rAles at the left 


lower back Her breath sounds were harsh \ few tubercle bacilli were found 
in her sputun The liver was felt almost down to the umbilicus with a ten 
mass in the right lower quadrant just below the edge of the liver Five davs 
ifter entrance the urine was free from bile; the bowels were free and the stools 
of norma! color three days later The blood showed hemoglobin 85 per cent 
vhite count 7.400: differential count of white cells polymorphonuclear neutro 
phils 52 per cent., small lymphocytes 31 per cent., large lymphocytes 16 per cent 
eosinophils 1 per cent Convalescence was soon established The patient left 
the hospital April 18, with no abdominal symptoms; the diagnosis was ite 
eatarrhal jaundice, no gall-stones having been found The patient was giver 
irge doses of potassium iodid with no effect on the adenitis On Oct. 5. 1909 


four davs before readmission to Worcester Citv Hospital, the patient had thre 
ie lower ri 


region and considerable diarrhea She had been slightly jaundiced 


small hemorrhages from the stomach, severe pain about 





months. but more so of Jate. She had noticed that the urine was highly colore 
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but the stools had not been observed he patient’s head ached a little, and s} 
had no appetite 
Physical Examination rhe patient was a fairly developed and poorly nour 
ished woman with yellow pigmentation of the skin and sclera. There were a 
lozen or so sears, crusts and discharging sinuses about the neck and the upp 
irt of the chest The heart sounds were of fair intensity but somewhat inter 
tent Chere was a loud blowing systolic murmur at the apex transmitted to 
the axilla. The apex was in the fifth costal interspace, exactly in the nipple 
left horder of « 23 extended st outside of the nipple line 
e right border was at the right edge of the sternun rhe pulse was of fail 
tens , 90 per minute The radial arteries were firm but did not show arterio 
sclerotic beading rhe lungs showed prolonged expiration at the left apex, both 
in front and in back, and also slight dulness. There were no rales: and no dul 
ness Or abnormal! respiration was found elsewhere 


The abdomen was soft and tympanitic, except in the right hypochondriac 
rion Here there was a firm mass, the smooth, dull edge of which could be 


palpated about two fingers’ breadth below the right costal margin but could not 


be palpated acress the epigastrium The dulness was increased on full inspira 
tion There was a suggestion of a rounded mass at the edge of the liver, corre 
sponding to the gall-bladder, but it could not be definitely made out. Above, the 


relative dulness of the liver extended to the fourth interspace, the absolute dul 





ness to the sixth interspace. There was tenderness over the right upper quadrant 
the abdomen, more marked in the region of the gall-bladder 
he knee-jerk, plantar, wrist and triceps reflexes were present and active. 
re was no Babinski reflex or ankle-clonus. The extremities showed no edema. 
femperature was 101 1 respirations 20. The blood examination was as fol 
oe 
Hemoglobin 70 per cent White cells 7.000 Red cells 3,344,000 
Differential count of white cells 4 
Polymorphonuclear neutrophil 75 
Large mononuclear lymphocyt: 22 
Small mononuclear lymphocytes 2 
Eosinophils l 
The red cells showed no abnormal forms 
The urine showed an acid reaction, specific gravity 1.024 yumMIr 
sugar absent, bile present 
The temperature was normal for twenty-four hours on October 11 Tl 
patient had two movements of the bowels in the night. The stool was of dar 
brown color, containing blood (guaiac test). Fat was not present by micré 
scopical examination and nothing otherwise abnormal was found 
On October 12 the patient had had no more hemorrhages. She had been o1 
1 semisolid diet, and the pain in the right costal region had subsided considerably 
This morning the side of the left ear and the skin below the chin were inflamed 
ind angry, the area of this being well circumscribed The temperature rose to 
101.3 and the count of white blood corpuscles was 8,000. A diagnosis of erysip 
elas was made 
The patient was not very sick, but on October 13 the erysipelas spread to the 
right side of her face A vaccine made of streptococci of thirty-eight strains was 


obtained and 25,000,000 given every eight hours 

rhe erysipelas gradually subsided, and by October 16 had wholly disappe red 
At times the patient became more jaundiced, and complained of an uncomfortable 
feeling in the region of the liver, but on the whole she seemed to have had. fewer 
symptoms referable to her abdomen during the course of the erysipelas. During 
the afternoon of the 16th the patient complained of some epigastric pain, and 
shortly afterward vomited about two ounces of dark blood. There were no more 
hemorrhages for several days. 

On October 19, the examination of the stool, which was watery and black, 


showed blood by the guaiac test 
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On October 22, the patient seemed as comfortal 
but still complained of indefinite pains about tl 
} 


vomited half a pint of fairly bright blood, cont 
was given morphin, gr. 
A surgeon advised no operative inter ence 


the same 


4, and cracked ice, 


epigastrium., 
the patient had five small hemorrhages of 


p. m. 
imounting in all to about a pint. At 5 p. m. morphin, 
] 


the abdomen showed nothing new exce 


Examination of 
below the left costal margin near the median line. 
to blood in the stomach 


showed, probably was due 
p. m. 10 ce 


anemic, but her pulse remained good At 7 
given. At 9 p. m. t 
nin, gr. 1/30 was given, and the pulse impro 


he patient began to show signs of fa 


1 oT 


plained of epigastric pain, and morphin, gr. 
er general condition was the same, but her ] 
0 more blood. « 


up t 


Al 


ne hie rs ‘ vl 
The bo ly was that of a middle-aged woman, fairly well devel 
nourished, body length 5 feet 3 inches, skin and conjunctive of 


pallor 


low color, mucous membranes of the lips of extreme | 


right slightly contracted with a small internal and a sm: 
The usual suggillations wer present on the poster aspe 
sides of the neck, anterior and posterior 


below the clavicle, were multiple openings one-quarter to one-half inc} 


to the sternocleidomastoid 


surrounded by a narrow zone of pink tissue, some healed, some incru 


ties formed by broken 


discharging pus nes of cavi 


caseating lymph-glands 


[hese were openi 
h thi me 


Incision showed ut half an inch 


vellow subcutaneous fat 
Heart.—The muscle was pale and 
The thickness of the wall of the rig! 


ind of the left seven-sixteenths of an inch, 
it and the epicardium about three thirty 
that the mitral had a 


aortic orifice showed a sl 


seconds 
were normal, ex 

the edge, while the 
at the junction of the 
thing of interest 


two of the cusps heart-wa 
the heart muscle showed n 
Pleural Cavities.—The right showed ol lhesion if ura, readil 
broken at the apex and on the lateral wall. 

showed thickening with fibrous structure at 
a pin-head. The middlk 


The right lung weighed 330 gm. and 
the : x and h a few scattered 
tubercles the size of was small and atelectatic 
adherent throughout to the upper and lower lobes 
old adhesions at the apex, lateral wall and posterior 
of the left lung an area abe 
throughout it were small 


The left pleural cavity showed 

ill, being readily broken 
There was at the apex ut 2 inches in diameter, 

thickened fibrous tissue, and scattered 

an occasional small purulent caseating area 
small amount of edema. 


tubercles 
This lung weighed 330 gm 
lungs showed a Throughout there were a fe 


black nodules of black pigment about the size of peas Microscopically, 
areas of tuberculosis Th right lung showe: 


lung showed many small f 
1 changes especially in the middle lobe 

as of old adhesions 
bound d« 


but less marke 

Abdominal Cavity. 
pelvic region were many 
to the bladder, and behind to the rectun 
bound down in the eul-de f Douglas. The appendix was atrop 


There were various ar 
uterus was 


\ loop of the sigm« 


old adhesions The 


Sac ¢ 
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old fibrous cord adherent throughout. The cecum was likewise bound down by 
similar dense adhesions. From the lesser curvature of the stomach to the undet 
surface of the right lobe of the liver ran eight to a dozen moderately firm fibrous 
bands 

Liver—tThe weight was 1,390 gm. The peritoneal covering was smooth; 
when this was stripped off the surface appeared finely granular A cut section 
was pale yellow brown, mottled as of fatty degeneration. ‘The right lobe was 
slightly lengthened downward. Microscopically, the liver cells showed marked 
loudy swelling. The acini were considerably separated by spaces in which was 
in exudation with leukocytes, red blood cells and lymphocytes. The portal 
spaces were frequently considerably dilated. The interlobular hepatic veins 


arteries and ducts were often surrounded with a moderate excess of connective 
tissue containing leukocytes, lymphocytes, a few red blood corpuscles and an 
occasional eosinophil 

Gall-Bladder.—This was firmly adherent to the lower surface of the liver, 
ts walls being considerably thickened. It contained two brown gall-stones each 
one-half inch in diameter, with two or three mulberry-like surfaces and four or 
ive smooth facets rhese consisted chiefly of cholesterin. The common duct was 
patent 

Pancreas rhe organ was pale, firm and hard, and slightly enlarged. At 
its head was a firm, hard mass of enlarged glands, half or three-quarters of an 
inch in length each, adherent and caseating, surrounded by thickened tissue. Dis 
section revealed a cavity an inch and a half in diameter just to the right of the 
head of the pancreas, and behind the first portion of the duodenum, lined with 
in inflamed tissue in places showing small areas of granulation tissue with 
newly formed blood-vessels This cavity contained a little blood-stained fluid 
nd a few small clots This cavity communicated with a smaller pocket belo 


three-quarters of an inch in diameter containing some thick, dark red, grumous, 


bloody fluid. There was no connection between the abscess cavity and the bile 
duets 
Duodenum rhe first cavity mentioned above also communicated by means 


of a small sinus with the surface of the duodenum, the mucous membrane of 
which was slightly drawn out into a funnel, like a traction-diverticulum The 
edges of the opening were thickened. This communicating sinus was about half 
in inch long The duodenum showed no other changes There were no ulcers 
elsewhere The duodenum was filled with bloody material and clots as were the 
intestines for some distance below rhe pylorus showed nothing but the normal 

kening 

Stomach This was filled with a _ blood-clot in the form of a cast of the 
stomach weighing 180 gm. and showing a slight constriction at the junction of 
the upper and middle third The mucous membrane was pale and smooth. No 


ileerations or abrasions of any kind could be found 


Microscopically, the pancreas showed a considerable interlobular as well as 
nteracinous connective tissue It was especially marked around the blood-ves 
els and duets There was infiltration with lymphocytes, polymorphonuclear 


lymphocytes and eosinophils, and occasionally a large eosinophilic mononuclear 
cell and red blood corpuscle, altogether showing an acute process in addition to 


a chronic one \ few polymorphonuclear leukocytes had wandered into the inter 
nous structure, as well as an occasional lymphocyte and mononuclear eosino 
phil The epithelium of the acini showed some cloudy swelling and a slight 


imount of vacuolization 


rhe mass around the sinus showed one tubercle with a caseating center, not 
quite filling the low-power field, surrounded by a zone of spindle-cells, leukocytes, 
lvmphocytes, a dozen giant cells and a few plasma cells with an irregular zone 
f lymphocytes outside containing occasionally the above-mentioned cells. There 


is scarcely anything left of the normal gland tissues It was represented in 
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isolated spots by a few lymphatic cells Ihe rest of the mass was taken up with 
connective tissue, some young, with frequent nue lei. and the fibers close together 
] 


staining purple, some much older with a few nuclei, and a considerable separation 


of fibers staining pink. Seattered throughout were many lymphocevt« 
ere round oval 


s, a few 


leukoeytes and an occasional epithelioid cell In many places w 


or longitudinal bundles of nerve-fibers of a diameter up to one-half the width of 
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Fig. 1 Chart of temperature, pulse and respiration in case of tuberculous 


re troperit neal adenitis 


the low-power field, surrounded by a thin capsule formed by a few lavers of con 


nective tissue cells These often were subdivided by sul . 
rated by spaces The histologie pieture tf the mass around the sinus was that 
of the remains of a tuberculous Iwmph-gland for the most part replaced by con 
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nective tissue hich had caught up ar inelu some of tl nerve-fibers im the 
netrutibor lean Ne tuberele rmiel vere Tour 

\ section along the sinus showed the mucous membrane of the duodenum 
extending up t it. where it ended curles i and folded on itself In between 
the villi were many leukoevtes and Ivwmphoeyvtes lhe wall of the sinus was 


formed by connective tissue rather loose, infiltrated with lymphocytes and leuko 














vtes, and resting in places on circular and then on longitudinal muscle fibers 
from the duodenal wall, and then on the connective tissue of the gland itself. The 
onnective tissue of the duodenum merged slowly int that of the gland. there 
wcing no definite line of demarcation except that the blood-vessels were larger 
ind more numerous where the glandular element apparently began 
l s Lymphatic Glands lhere was tuberculous adenitis of several other 
vmnphatie glands The bronchial Ivwmph-glands were enlarged to three-quarters 
f an ineh or so in length. usually black from pigment. and caseous in part \ 
gland near the pancreas showed normal gland tissue in one small area; the rest 
] 
| 
| 
] 
| 
| 
| 
| 
| 
| 
Fig. 2 Portion of duodenum opened up, showing pylorus and opening of 
sinus about half an inch below 
showed tuberculous disease in various stages [here were numerous seattered 
ireas of caseation of considerable size \ gland near the gall-bladder showed 
1 considerable number of good-sized areas of caseation A cervical lymph-gland 


showed about one-third of its area taken up with two or three typical tuberculous 


ireas There were no other enlarged Ivwmph-glands except as has been previously 
stated 

Spleen lhis weighed 240 om It vas slightly par le and flabby. \ cut 
surface showed a mottled appearance with an excessive marking of the trabecula 
The pulp was moderately soft Microscopically, there was nothing markedly 


Kidneys The weight of each was 110 om The capsules stripped easily 


und the surfaces were smooth Cut sections showed the cortices and pyramids 
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t normal size but the markings were pale ‘ Wis «trenks verv noticeable n 
th The se on resemble that f a chron toxemia \Miicroscopicall the 
right kidney shows considerable swelling f the convolut tul es an occa 
sional necrosis fhe Malpighiatr rpuscles showed some hyperemia al some 
indentations with some oss in places of ellular elements Bowman's capsule 
was in places thickened lhe ascending and descending loops of Henle showed 
i” increase in the intereanalicular tissue The lett idnev showed a similar 
eondition, but more variabl the cloudy swelling and Malpighian degeneratior 














Fig. 3 Duodenum, split open through sinus, Iymp land and inflammatory 
mass, Tront portion turned down on a “as aXis sinus leading trom duodenum 
into abscess cavity above gland and i flammateor iss probe entering abscess 
avitv from a second connecting ivit posterior 
being more marked in some places, and less marke ' thers Phere ws Very 
little hyperemia 

Phe adrenal glands were normal 

\ pomt of nterest nt = nse = The ¢ Terentia ‘ OTLOSIS, < 
of considerable compentt | ! ne oO “4 =~ 0 i is ( tion of 
eross condi rs ¢ iactel ( wast en u thy 8g Sed niler 
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ition before wUtopsy should ave been gastrin uleer, duode nal 


ulcer, gastric cancer, duodenal or pancreatic cance r, with gall-stones or 
acute catarrhal jaundice complicating anv of the se. We were not able 
to obtain the gastric contents on account of the he morrhages. 


\gainst gastric ule r, there is nothing to be said except that 


if does 


not complete the picture. The pain usually comes on soon after eating 


or two or three hours afterward. But peptr ulcer does not explain the 


jaundi« \ complicating acute catarrhal jaundice is not likely. since 
the jaundice has been of some duration. \ complicating Weil’s disease 
an be read eliminated, as it is distinctly an acute « ntiec process A 


} } 


comp iting gall-stone attack is a poss bility. As the autopsy showed 


I 


) V 


vali-stones it can be said that the jaundice might have been caused |] 


stones, but these stones were large. and the pain was not of the nature 


fa cole, such as would probably be caused by stones of such si e. 
\gainst cancer ot the stomach much the same might he said as 
igainst ulcer. The trouble was of som duration, it is true, but there was 


not the steady progressive emaciation or the picture of eachexia which we 


vo expect. It is also an unusual thing for a patient with a eastrie 

n to die of acute hemorrhage. Further, although we had a tumor 
mass present, it was located to the 1 ght of the epigastr m. where t 
would (if gastric) be connected probah with the pylorus, and so cause 


lilatation and its con omitant svmptoms (absent here). 


Cancer in the duodenum or in the head of th pancreas Is more prob- 


’ } } | 7 rm 
able Phe mass Was Telt approximately where we would expect it. Ther 
vas jaundice and hematemesis and the disturbance dated back some 
months \gainst this, there is nothing verv effective to he vrought, 


except that the character of the tumor was not such as to present the 


feeling of a cancer here, but seemed rather to be connected with the gall 
bladder \fter such a duration we expect symptoms of dilatation and 
vomiting of gastric residue We must also note that th jaundice whilk 
of long duration was not steadily increasing. but had ren ained slight 


until toward the last attack. There Was no steady progress of the local 
disturbance; simply an attack in the spring, and then freedom from epi- 
gastric distress until shortly before her last entrance to th hospital 
Lastly there was no typical cachexia. 


The most natural diagnosis was ulcer of the duodenum. There were 


hematemesis and melena. There was tenderness to the right of the epi- 
gastriun There was a palpable mass which could be due to inflamma 
tory thickening. There was jaundice, which might be caused by pressure 
from the mass or by a catarrh extending up the duct. Yet jaundice is 
not to be expected with the ordinary duodenal ulcer. The pain of ulcer 


Is usually two hours or so afte! meals, while here it was constant while 


it lasted, and came irrespective of meals. 
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Gall-stones per se are a possibility Jaundice. tenderness in the 7 oht 
Die ; Inabl ons 1} ‘ 
epigastrium, a palpable mass, a are consistent wit cg stones in the 
gall-bladder and ducts. Mhe emorrhage, owever, Cannot be accounted 
for by this Untiess we can conceive ol a stone rupturing a vess¢ in ¢ se 
communication with the duodenum. or when 1 turing into the du 
denum at the same time tearin a blood-vesse Bi n this process we 
would expect colic, or at least a more severe pain than was esent nd 
the possibility seems remote. 
| 
| 
| 
| 
| 
L —— : = | 
Fig. 4 Posterior view of duodenum and inflammatory mass showing second 
abscess cavity laid open with probe entering from the first cavity 
A pure tuberculous ulcer in the duodenum needs not to be considered 
as references in the literature to such ises are extremely rare \ tuber 
-_ | » af He , ld] ' lo r tl , 
cuious ulcer of the stomac woul mv ruled o1 0 the same reasons as 
a Simple ulcer, as well as on account of its rarity 
Chronic pancreatitis needs hardly to be considered. Jaundice and 
consistent with it. but the tumor should be mor toward 


tumefaction ar 
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SYNCHRONOUS CARDIAC AND RESPIRATORY RATI 
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also. The tracings from the jugular pulse and the apex-beat definitely 
eliminate the possibility of either heart-block or a pseudobradycardia 
resulting from extrasystoles. 

The only explanation which I have to offer is as follows: It is a 
well-established fact that inspiration, by increasing the negative pressure 
in the thorax, favors diastolic filling of the heart, and in a similar manner 
expiration assists in systolic emptying. Now a glance at the last part of 
Tracing 1 shows that the expiration did correspond with systol and 
inspiration with the diastole of the heart. The patient had suffered from 
an acute dilatation of the heart, associated with great circulatory embar 
rassment, and it seems not improbable that this polypnea was automati« 
ally adopted by the organism in an effort a compensation. This hypoth- 
esis does not, of course, explain the relative bradycardia, to account for 
which we must assume that either as the result of medicinal action or as 
the effect of pathologic alteration there was sufficient overstimulation of 
the vagus, or depression of the chronotropic function of the heart-muscle 
to prevent an increase of the rate. 

In conclusion I wish to express my indebtedness to Dr. James Tyson for his 
courtesy in allowing me to report the case. 

1530 Locust Street 








THE UTILIZATION OF FATS AND OILS GIVEN 
SUBCUTANEOUSLY * 


LLOYD H. MILLS, M.D. 
WITH THE ASSISTANCE OF ERNEST A. CONGDON, CHEMIST 


NEW YORK 
HISTORICAL REVIEW 


Attention was called to the possible value in nutrition of oils and 
fats given subcutaneously, by von Leube’ in 1895. He remarked the 
rapid disappearance of very large injections of camphorated oil which he 
was giving for stimulation and sought to find whether oils remained in 
the tissue spaces or were utilized in nutrition. 

An emaciated dog, previously brought into nitrogenous equilibrium 
at a very low level, was given daily subcutaneous injections of butter-fat 
for over six weeks in an amount which equaled about 1,400 gm. The 
weight rose from 4.4 kilos to 5.4 kilos. A laparotomy performed at the 
end of the injection period showed large masses of extraperitoneal fat. 
two-thirds of which was butter-fat. The omental fat consisted wholly 
of dog-fat. On a very low ration of fat-free meat at the end of a further 
three and one-half months, the same dog weighed 4.1 kilos, which was 
assumed to be an indication of the complete use of the foreign fat. Dis- 
section showed but 3 to 4 gm. of subcutaneous fat and barely 2 gm. from 
the internal fat depots, 0.5 gm. of the former being butter-fat. From 
this and similar work von Leube believed that fats given hypodermically 
were of distinct benefit in nutrition. 

In commenting on this experiment, Winternitz? and Henderson and 
Crofutt,* who oppose von Leube’s interpretation, both conclude that this 
furnishes evidence that the absorption of fat is too slow to be practical. 

Butter contains about 80.8 per cent. pure fat. So in Leube’s experi- 
ment 1,131 gm. of fat were used in 135 days or 8.4 gm. daily. Placing 
the requirement of this dog at 70 calories per kilogram, a liberal 
figure, and using Stohmann’s figures for the caloric value of butter fat, 


this fat must have furnished 78 calories per day or 18 calories per kilo, 


*From the Laboratory of Physiology, Cornell University Medical School, 
New York City. 

* This research has been aided by a grant from Prof. John Hays Hammond 

1. von Leube, W.: Sitzungsb. d. physik.-med. Gesellsch. zu Wiirzburg, 1895, 


2. Winternitz, H.: Ztschr. f. klin. med., 1903, 1, 80. 
3. Henderson, Yandell, and Crofutt, E.: Am. Jour. Physiol., 1905, xiv, 193 
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one-quarter of the full requirement.‘ Further evidence of the value of 


this fat is given by the fact that the animal could endure five months 
on a minimal protein ration. 

In 1898, Du Mesnil de Rochemont® in a series of clinical reports 
covering twenty-eight cases, gives tables to show that daily injections 
of from 60 to 200 gm. of olive oil produced a retention of nitrogen or a 
reduction in the amount excreted, which, however, did not become appar- 
ent until after the fourth or fifth days of injection. He believed that 
the subcutaneous use of oils was a rational mode of feeding, but remarked 
the slowness of absorption. His patients were nearly all very ill with 
wasting diseases and the poor absorption in these practically starving 
and sometimes moribund patients gave point to the severe criticism of 
Winternitz, who was led to condemn the entire method. Winternitz,? 
working with olive and sesame oils to which iodin had been added, took 
the amount of potassium iodid appearing in the urine as quantitative 
evidence of the destruction of iodized oils given subcutaneously. His 
conclusion, drawn largely from work on starving animals or patients ill 
with such wasting diseases as cancer, are that oils are absorbed from the 
subcutaneous tissue at the rate of from 2 to 3 gm. a day, and that if time 
enough elapses, all of the injected fat is utilized, a fact on which all 
observers are agreed. 

Henderson and Crofutt* worked with cotton-seed oil because of its 
easy recognition in the tissues. In common with Winternitz, they noticed 
the wonderfully rapid diffusion of oil in the direction of gravity, and 
observed the accumulations of non-absorbed oil, which formed in the 
dependent parts of the abdomen, and in the groins. They found emul- 
sions made with sodium hydroxid and with acacia to be difficult of 
absorption, the soluble part of the emulsion being taken up, leaving free 
oil in the tissue. They concluded that “oil injections in any moderate 
amounts are practically without nutritive value.” Some of their own 
work can, however, be adduced against their view. In their most careful 
experiment, a well-nourished dog, weighing 7.8 kilos, was fed with 200 
gm. of lean beef daily for two weeks, after which daily injections of 165 
gm. of cottonseed oil were superimposed on this diet for ten days. \t 
the end of this time the animal had become so weak that its ration of 
beef was doubled. As this was not enough to produce nitrogenous equi 
librium, a need apparently not recognized by the investigators, normal 
vitality was never recovered and the dog was killed at the end of a month 
The method of recovering oil left in the tissue was to squeeze the subcu- 
taneous tissue in a small hand press and rinse the fibrous residue twice 

4. From the present writer’s experience, it is highly probable that had the 
animal been killed earlier, a much higher daily utilization would have been 
obtained. 

5. Du Mesnil de Rochemont: Deutsch. Arch. f. klin. Med., 1898, lx, 474 
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with naphtha. This gave an absorption figure of about 13 gm. daily. 
No mention is made of attempted extraction of skin and hair or of the 
outer layers of the abdominal or thoracic muscles, which always contain 
such considerable amounts of oil as to make conclusions regarding absorp- 
tion valueless unless their extraction and analysis for foreign fat is 
accomplished. A dog weighing 7.8 kilos would require about 65 calories 
per kilo per day, a total of 500 calories. In the 200 om. of lean beef, 
the animal received during the preliminary period about 250 calories 
daily. The daily injection of 165 gm. of cottonseed oil had a caloric 
value of 1,548, or from fat alone over three times the total requirement. 
The introduction of such excessive quantities of oil, to the absorption of 
which there were definite mechanical deterrents, and possibly also the 
inability of the body, from its low protein condition at the time, to 
furnish the comparatively large quantity of lipase or other enzymes neces- 
sary for the hydrolysis and metabolism of such food, inevitably produced 
accumulation in the tissue spaces. 

The mistake of all previous investigators has been that they have 
attempted to show that plain oils given subcutaneously in starvation or 
on a very low protein diet, will give the same metabolic results as when 
fats, carbohydrates and proteins combined are administered. In reality, 
however, there are no grounds for assuming that fats given subcutaneously 
are differently oxidized than when fed by mouth. The work of Voit, 
Rubner and Schulz*® has long since proved that fat fed alone has no 
influence on protein waste, save possibly slightly to increase it, and that 
under such conditions protein waste continues until some vital organ can 
no longer functionate and death ensues. Accordingly, granting the 
absorbability of injected fats, no successful application can be made of 
such injections which does not recognize the necessity of a sufficient 
protein supply. 

As most of the previous experimental work was done on starving 
animals or in diseased conditions in man which closely simulated starva- 
tion, the faulty interpretation of such investigations has gone far toward 
discrediting the positive facts which the work of von Leube and du Mesnil 


exhibited and toward discouraging further investigation. 


OBJECTS OF THIS RESEARCH 
The immediate objects of this work were to determine: 


1. The absorbability of injected oi! from the subcutaneous spaces.’ 


6. Quoted by Lusk in The Science of Nutrition, 1909, 72-75 and 165 
7. In a preliminary paper Mills and Murlin, using the respiratory apparatus 
of Pettenkoffer and Voit, have shown that oil in emulsion given subcutaneously 
to starving animals influences the respiratory metabolism to practically the same 
extent as identical amounts of similar oil fed by mouth. Mills, Lloyd H., and 


Murlin, John R.: Proc. Soc. Exper. Biol. and Med., 1910, vii, 166 
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2. The conditions, if any, which favor absorption. 

3. The method of utilization of fat so absorbed 

1. The organic effects of such utilization, 

The ultimate object of this demonstration was the application of fat 
injections in wasting diseases as tuberculosis, and certain of the mar- 
asmic or cachectic states resulting from imperfect metabolic processes. 


n this disease aversion 


Tuberculosis® was, however, the especial aim, for 


Imost symptomatic, and 


and intolerance to fats is so universal as to be a 
any arrest of the progressive and extreme exhaustion of body fat would, 


if successful, mean at least an increase in general resistance 


PLAN OF PRESENT RESEARCH 

The general plan of this work was as follows: 

{. Selection of unirritating fats and fixed oils for injection 

2. Development of absorbable emulsions of such oils and fats. 

3. Injection of plain and emulsified oils into animals during (a) 
starvation, (b) low protein diet, (c) full mixed diet. 

At the end of sufficiently long periods the animals were killed by ether 

and subjected to 

+. Complete extraction of the various tissues of the body for fats.® 

5. Determination of the amount of oil absorbed by comparing the 
iodin values (a) of the extracts of the skin and hair, subcuta 
neous tissues, skeleton and muscles with (b) the iodin indices 
of similar tissues from normal or starved cats, according to the 
type of experiment, and also with (c) the iodin index of the 
injected oil. Thus determined, any loss in the amount of oil 
from the amount injected could be considered as utilized oil, 
for examination of the ether extract of a large number of the 
internal and visceral fats gave no reactions such as were char- 
acteristic of the unchanged oils before injection. 

6. Determination of the influence of injected oils on the visceral and 
internal adipose tissue fats by examination of the iodin values, 


weights and percentage of their ether extracts. 


Cats were used throughout this work, for the reason that they were 
obtainable without difficulty, were not so large as to make a long series 
of complete extractions unduly difficult, and, being carnivorous, were 
capable of metabolizing fat in quantities. Gray male cats with tiger 


markings were used almost exclusively, for experience indicated that 


8. Further work, to be published shortly, bears on the effect of oils given 
subcutaneously on the nitrogen balance in tuberculosis of man. 
9. The brain and skull were not considered in this work except to make the 


gross observations that the meningeal lymph-spaces contained no macroscopic oil 
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cats of this type were more than commonly resistant to tissue insult of 


all kinds. 
SELECTION OF OILS 

\ll the fixed oils used were furnished by Fairchild Brothers & Fos- 
ter, whose many courtesies I wish to acknowledge here. The purity of 
these oils was corroborated by their iodin values and by their character- 
istic reactions whenever obtainable. 

J. F., a man affected with pulmonary tuberculosis, willingly offered 
himself as a test subject for irritant properties. Oil of lard, cocoanut 
oil, peanut, cotton-seed, olive and sesame oils produced no irritation and 
proved to be diffusible in about the order given. In addition to these, 
lard, butter-fat and human oils were used in animals. Corn oil and cod- 
liver oil produced intense and long-continued inflammation. 

Investigation of the oils used gave the figures in Table 1. 


rapie 1.—lIopin INDEX AND Speciric GRAVITY OF VARIOUS OILS 


Oil. Iodin Index. Specific Gravity. 
Olive . 88.0 9.2 
Cotton-seed 111.0 9.24 
Sesame 105.0 9.23 
Peanut 87.0 9.20 
Corn sate 123.0 9.26 
Lard 57.0 9.36 
Human 54.8 


EXPERIENCE WITII EMULSIONS 
Emulsions made with acacia and with sodium hydroxid were unsatis- 
factory. 
Casein produced a perfect permanent emulsion, but after ten to four- 
teen days the solution became cheesy and incapable of injection. 
Theoretically, casein should produce the ideal emulsion and work is 
under way to prevent caseation in such emulsions if possible. Egg leci- 
thin (Fairchild) in from 3 to 5 per cent. solution gave satisfactory 
emulsions, the oils usually taking up about 4 per cent. of lecithin at room 
lecithin of value known to 


0 gm. of oil 


temperature. An alcoholic solution of eg 


equal 5 gm. of dry lecithin, was added to 7 and the alcohol 
dissipated by distillation in vacuo at a temperature not exceeding 50 C., 
the lecithin going into solution in the oil as the alcohol distilled off. The 


emulsion was produced by the addition of 25 gm. of sterile water and 
shaking.’® 

10. The addition of pigs’ bile salts was made to some of these emulsions, but 
either the bile had not been freed of electrolytic salts and these precipitated the 
lecithin out of its mixture with oil, or the well-known affinity of lecithin for bile 
was greater than for oil, and the solution was broken up. Physiological salt 
solution was also used to replace sterile water, but, in common with many other 
electrolytes, it precipitates the colloidal lecithin from its solution, thus exposing 
a fallacy in the hypodermic administration of lecithin in salt solution 
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I would suggest, from the perfect emulsification produced by mixtures 
of lecithin, oil and water, that the réle which the lecithin content of the 
bile plays in the absorption of fat from the intestine, is not so much that 
of an activator of pancreo-lipase, as suggested by Hewlett, as it is of a 
simple colloid, for lecithin swells like tragacanth on the addition of water. 

Injections of 10 per cent. lecithin in oil produced no inflammatory 
reaction, but the emulsions above 8 per cent. were made so viscid by the 
lecithin that it interfered with absorption. 

To discover the effect of living tissue on these emulsions 35 c.c. of 
67.5 per cent. sesame oil with 3.5 per cent. lecithin was injected into th 
subcutaneous tissue of a cat and the same quantity into the peritoneal 
cavity of another. Both cats were killed by ether at the end of twenty- 
four hours. In the peritoneum only unemulsified oil was found from 
which no lecithin could be precipitated by acetone alone or combined with 
a few drops of a saturated solution of magnesium chlorid in alcohol. 
There was no peritoneal inflammation. From the subcutaneous tissue of 
the other cat about 3 gm. of free oil were recovered and this gave no leci 
thin precipitate. Nearly all the oil remaining in the tissue was in the 
form of emulsion. 

METHOD OF INJECTION 

An all-glass syringe which could be carefully cleaned and sterilized 
was used. This gave an accurate gauge of the rapidity of injection. 
Comparatively fine needles were found to allow the passage of oil at suf- 
ficient speed. The skin was prepared for injection, both in cats and man, 
by placing a drop of 10 per cent. tincture of iodin on the desired spot 
In animals under long experimentation al] injections were given into 
the dorsal region, which was arbitrarily divided into eight injection 
places, in order to develop the absorbing capacity of the subcutaneous 
tissues to the largest possible extent. 

The needle-point was inserted between the subcutaneous fat and the 
muscular aponeurosis below and when correctly placed could be moved 
about without obstruction. When beginning injection the development of 
a tiny globe of oil about the needle-point was carefully watched for, as 
indicating that the needle was not placed in the lumen of some blood- 
vesse|,?2 

Injection was performed very slowly in order to avoid distention and 
consequent pain. About 20 gm. of plain oil or its equivalent in emulsion 
was the average quantity given, and when it was correctely administered 
the animal needed no restraint beyond having its head stroked. In man 
single slow injections of about 60 gm. could be tolerated without discom 

1l. The work of Graham (Jour. Med. Research, 1907, xvi, 459), shows that 
plain oil injected into the ear vein of rabbits causes death by cerebral or pulmon 
ary embolism after doses of 1 ¢.c. of plain oil for every 1,100 gm. weight 
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fort. Beyond that point, however, the distention caused pain and when 
the experiment called for larger dosage multiple injections were given. 
After withdrawal of the needle the oil was gently massaged away until 
no evidences of injection remained. So rapid is the diffusion of oil 
through the tissue spaces that gentle massage accomplished this result 


usually within a minute. 


DIFFUSION OF OILS THROUGH THE TISSUE SPACES 

In all cases in which daily injections of over 30 c.c. of oil were given, 
careful palpation of the lowest part of the abdomen and of the groins 
soon showed the tissue to be thickened by accumulations of oil which 
could be transferred by massage in the direction toward which pressure 
was exerted. If very large injections were given the accumulations of 
oil produced elephantoid legs and thighs, from which the oil could be 
temporarily massaged. This seepage through the tissue is not peculiar 
to oil, for in anasarca the greatest collections of fluid lie in the dependent 


parts and autopsies after hypodermoclyses show a similar gravitation. 


The difference is merely one of degree, in that movement of oil along 
the fascial planes is much more rapid. Careful palpation also disclosed 
the fact that a gradual hypertrophy of the inguinal lymph-nodes occurred. 
This was most rapid and pronounced in injected cats that were well fed, 
and unusually marked in those cases in which peanut oil was used. 
Hypertrophy did not occur to any noticeable extent in starving animals 
in which plain oils were used, a difference possibly ascribable to the lack 
of protein material for constructive processes in the latter animals. 


METIIOD OF TISSUE SEPARATION: AUTOPSY FINDINGS 


\t the end of the injection period each animal was killed by etheriza- 
tion and a complete separation of the different tissues made, in a dissec- 
tion which seldom took less than five hours. The subcutaneous fat with 
its content of oil was dissected from muscle and skin, and preserved 
separately. The first case showed that muscular action, gravity and lym- 
phatic absorption had carried a large amount of oil deep into and between 
the muscular layers of the abdomen and lower thorax, and made obvious 
the need for complete separate extraction of the skeletal muscles, the 
entire subcutaneous tissue and the skin and hair. Included in the group 
of skeleton and skeletal muscles were the cord, genitalia, bladder, the 
diaphragm, the contents of the posterior mediastinum, and the entire 
deep lymphatic system. The superficial lymph-glands were included with 
the subcutaneous fat. 

When the thorax was opened—and this was always done with clean 
instruments—in nearly every case following the prolonged use of oil. 


each lower intercostal space was seen to carrv a lymphatic vessel dilated 
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with verv fluid oil. On removal of the heart and lungs, these tributaries 
were found to unite with a dilated tortuous trunk having a wall like 
tissue-paper. This occupied the position of the thoracic duct. Osmi 
acid and the microscope showed that its content was thin plain oil in 
which occasional fat-filled leukocytes were seen. 

In all such cases the bronchial lymphatic glands in the posterior medi- 
astinal space were hypertrophied and yielded thin plain oil on section 
The pericardium was separated and saved for extraction and comparison 
with the rest of the internal fats of the body, these being mesentery, 
omentum, the perirenal and pelvie fats, and the fat which fills in the 


point of muscular deficiency in the diaphragm and which is designated 


as diaphragmatic. This last fat is frequently absent after starvation. 

The abdomen was opened through the diaphragm to prevent any 
possible contamination with oil. Whenever instruments were soiled with 
oil they were replaced at once. The omentum was dissected absolutely 
clear from the stomach and duodenum, the mesentery carefully freed 
from the intestine down to the anus and each preserved separately. In 
this separation the spleen was removed and with much difficulty the pan 
creas, usually in one large and several smaller accessory portions. Lying 
behind, on, and sometimes in the pancreatic tissue, an enlarged oil-carry- 
ing lymphatic gland was frequently found. Its enucleation required 
much care to prevent the pancreas from becoming contaminated. This 
gland apparently connected with the pelvic glands via the vena cava 
inferior, and seemed to empty directly into the receptaculum chyli. The 
gullet, stomach and intestine were removed together, the contents care 
fully pressed out, weighed, and this weight deducted from the body 
weight taken immediately after death. The intestine was then split and 
washed out carefully. The pelvic lymph-nodes were usually much hyper- 
trophied and colored with oil which exuded on section. The kidneys were 
decapsulated and their capsules added to the perirenal and pelvic fat, 
which were removed together, as they have physical continuity, are iden 
tical on inspection, and give identical iodin reactions. 

In the smaller animals the perirenal fat is separated by a very thin 
musculo-aponeurotic layer from a layer of fat lying in Petit’s triangle, 
here a very long, narrow affair. This latter fat is invariably mixed with 
oil and without careful separation may easily be included with the peri- 
renal fat and give incorrect extraction results. None of the previous 
observers has stated what precautions were used to prevent contamination 
of visceral and natural fat tissue; the most scrupulous care has to be 
taken throughout the entire dissection, else admixture with oil is reason 
ably sure. All of the viscera were immediately placed in 95 per cent 


alcohol. 
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In a number of similar dissections the most noteworthy point was 
the general hypertrophy and complete saturation with oil of all the 
glands of the lymphatic system. In the use of peanut oil the superficial 
inguinal nodes reached diameters of 2 by 3 cm. and their lymph-courses 
were dilated by oil carriage to channels of 0.1 to 0.4 cm. diameter. 

In several cats the connection of the lymphatics of the anterior inter- 
costal spaces and the so-called suspensory ligament of the diaphragm was 
well shown, the former, where it joins diaphragm and thoracic wall, 
receiving oil from the latter and distinctly transmitting it to the upper 
mediastinal glands. The presence of oil in the lung tissue was noticed 
several times. In one case in which lard had been given, the lung was 
cut twenty-four hours after death, and lard was squeezed from the cut 
surface. This was verified by the greasiness, solubility in ether and 
microscopic examination. No evidences of infarction were found. 

In some cats the oil in the subcutaneous tissue seemed almost on the 
point of being built into the fat cells. ‘These are enlarged and suggest 
the cells of a grape-fruit with their thick spindle shape. Whether this 
is preliminary to absorption, or merely a soaking through fibrous tissue 
wall, there is no present means of knowing, but the latter seems more 
probable. 

The tissues under separate investigation were: 


I. Subcutaneous fat V. Natural Fats 
II. Skin and hair 1. Omentum 
III. Skeleton and skeletal muscles 2. Mesentery 


3. Pericardial fat 


IV. Viscera 
4. Perirenal and pelvic fat 


1, Liver 

2. Kidneys 5. Diaphragmatic fat 
3. Heart VI. Blood 

4. Lungs VII. Feces 

5. Spleen 

6. Pancreas 


7. Stomach and Intestines 


METHOD OF EXTRACTION 


The method of extraction best adapted to our purposes was the alcohol- 
ether method of Otto Frank.’? The saponification method of Libermann 
and Székely’® and of Kumagawa and Suto" gives closer results where 
the more complex fats are sought. Residues left after ether extraction 
were treated by the saponification method and negative or negligible 
results obtained. In the method used there is no doubt of the complete 
ness of the extraction of all of the foreign fats, all of which are easily 


soluble in ether. Again the results are strictly comparable, as they were 


12. Frank, Otto: Ztschr. f. Biol., 1897, xxxv, 549. Voit, E., ibid., 1897, xxxv, 


549. 
13. Liebermann and Székely: Arch. f. d. gesamte Physiol., lxii, 360. 
14. Kumagawa and Suto: Muneo Kumagawa and Kenzo Suto: Biochem 


Ztschr., 1907-1908, viii, 212-347. 
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obtained in the same manner and under the same conditions. All results 
are given as “ether extract,” for, as is well known, in addition to the tri- 
glycerids of the fatty acids, such bodies as the cholesterins, the lecithins 
and other phosphatids are extracted with the true fats. The fragmented 
tissue was covered with 95 per cent. alcohol and evaporated to dryness 
three times in a steam bath. As the point of dryness was approached the 
heat was turned off so that the temperature, kept considerably below 
100 C., did not volatilize any possible volatile acid present. The final 
drying was done on a hot plate at 96 C. to 98 C.*° 

For ether extraction the whole of each viscus, natural fat and subcu- 
taneous fat was used. A 20-gm. sample of the skin and hair, and 40 gm. 
of the powdered skeleton and muscle were taken and the total ether 
vxtract calculated from the result. All specimens, placed in Schleicher 
and Scholl fat-free capsules, were extracted for twenty-four hours in 
Soxhlet extractors, and the ether was then boiled from the flasks in a 
steam bath. Finally the flasks were placed in a hot air chamber for eight 


hours at 98 C. They were weighed when cool. 


METHOD OF DETERMINATION OF AMOUNT OF OIL ABSORBED 


The iodin values of the extract of the skin and hair,?® subcutaneous 
fat and oil, and of skeleton and muscle were obtained, and by plotting a 
chart the proportions of foreign oil to normal cat fat were easily deter- 
mined. Subtraction of the amount of foreign oil thus calculated, from 
the amount of oil given, may fairly be said to give the amount of oil 
utilized. After repeated examinations of natural fat and visceral extracts 
by the Halphen or furfurol tests, I have been unable to find any evidence 
of deposit in these tissues of unchanged cotton-seed or sesame oils, and 
therefore consider the assumption of utilization (meaning by this either 
combustion or conversion to body fat) to be logical. 

lodin indices were obtained from the ether extracts of the separate 
organs and tissues of three normal cats and of one starved cat which lived 
thirty-seven days. These indices were used as the basis of calculation in 


superposition and starvation experiments respectively, for in starving 


15. Without complete dehydration the water remaining will dissolve mineral 
salts from the tissue during ether extraction and this will produce high weight 
and low iodin values. 

16. Hanus’ modification of Hiibl’s method (Bulletin No. 107. Revised. U.S 
Dept. of Agriculture, Bureau of Chemistry, 1908) was used. The iodin value of 
a fat is the weight of iodin which 100 parts of the fat will absorb, or it may be 
the parts by weight of either of the other halogens, chlorin and bromin, expressed 
in chemically equivalent terms of iodin. There is a direct addition of the halogen 
to the molecule which takes place only with unsaturated compounds and is due 


mainly to the two unsaturated valencies of the oleic acid radicle of the fat 
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injected cats, the indices approached more nearly to those of the starva- 
tion content than of the normal well-nourished controls. 
The results of extraction and the iodin values of the tissues of the 


control animals used as a basis for calculation are shown in Table 2. 


raste 2.—Ernuer Extract AnD lopIn IN NORMAL AND STARVED CATS 





——Ether Extract in Grams —— ——— Iodin Indices 
star star 
Normal cats vation Normal cats— vation 
Cat Cat Cat Nor- Cat Cat Cat Cat Nor- Cat 
Tissue 27 41 64 mal Av. 13 27 41 64 mal Av. 13 
Subcutaneous fat. 15.41 78.75 78.91 51.7 0.234 64.0 58.2 67.3 63.1 78.7 
Skin and hair.... 15.67 13.36 23.69 17.6 6.680 54.1 50.0 55.0 53.0 50.0 
Skeleton and mus 
cle ° 84.63 125.83 130.57 113.7 12.620 65.4 64.3 65.1 64.9 71.0 
Total . 115.71 217.94 233.17 184.0 19.53 


The total amount of ether extract of the entire body amounted to 


1.42 per cent. of the end weight in the starved cat and to 4.83 per cent. 


in Cat 2 


7, 7.55 per cent. in Cat 41, and 9.05 per cent. in Cat 64, a very 
fat animal. 
Any method in which average figures are applied to individual 


likely to be misleading, but that the error here is slight the 


instances is 
following calculations will show. 

The extraction results of the tissues containing unchanged oil in an 
animal which had been injected with 469 gm. of cotton-seed oil during 


twenty-three days of starvation were as given in Table 3. 


TABLE 3 EXTRACTION RESULTS OF TISSUES IN ANIMAL INJECTED witn 469 Gu 
oF CoTTon-Seep Orn DurRING TWENTY-THREE DAYS OF STARVATION 


Tissue Ether Extract Todin Index 
gm. 
Subcutaneous oil and fat 70.027 110 
Subcutaneous fat 43.480 109 
Skin and hair 41.850 101.8 
Skeleton and muscle 65.270 97.5 
Total 220.63 


To calculate the amount of foreign oil in the subcutaneous tissue. a 
chart was plotted with the index of normal subcutaneous fat extract, 
63.1, and of the cotton-seed oil used, 111. On this line the iodin indices, 
110 and 109, show 98 per cent. and 95.7 per cent. respectively of the 
ether extract to be cotton-seed oil. Replacing the figure of normal subcu- 
taneous tissue by that of the starvation animal the percentages become 
97 and 94 respectively. Similar comparison of the other tissues leads to 


the results given in Table 4. 
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TABLE 4.—CALCULATED OIL RECOVERED, USING NORMAL AND STARVATION FIGURES 


Tissue. Normal. Starvation. 
em. gm 
Subcutaneous fat 110.24 108.80 
Skin and hair ; .. 34.65 35.07 
Skeleton and muscle 46.01 43.08 
Total 190.90 186.95 
Oil given..... , 469 469 
Oil recovered. . 19] 187 
Oil utilized..... esc ee 282 
Grams per day......... 12.08 12.26 
Calories per day....... . 112.4 114.0 


From these results it seems reasonable to assume that the error in 


such calculation is very slight. 


INJECTION OF PLAIN OIL IN STARVATION 

Sesame, peanut, olive, cotton-seed and human oils were used in this 
work, and while it is unfortunate that complete extraction was made of 
but one animal, the clinical pictures and autopsy findings were so con- 
stant for the entire group that at the time of experiment but one typical 
extraction was considered necessary. 

Cat 4, a very fat cat weighing 3.{_ kilos, was given 347 gm. of plain 
cotton-seed oil subcutaneously over a period of fourteen days, no other 
food being administered. Rapidly progressive accumulation and weak 
ness were apparent after the ninth day, and the animal was found dead 
in its cage on the morning of the fifteenth day. Its appearance was char- 
acteristic, in that the upper part of the body was much wasted, while the 
legs, root of tail and the abdomen were those of a very large, robust 
animal. The loss in weight was 27.6 per cent. in fourteen days. 

Autopsy showed that protein starvation was the fundamental cause 
of death, for the muscles were remarkably wasted and flabby for an 
animal so shortly in good health, and microscopically were characteristic 
of starvation. The duration of life was too short to dissipate the large 
internal masses of normal cat-fat to any great extent. Their somewhat 
high iodin indices, which appear below, indicate that enough combustion 
of fat of low iodin value had occurred to make appreciable the 
alteration in the normal proportions of the ordinary triglycerids and of 
the lecithins. The total true tissue extract was 8.8 per cent. of the true 
body weight at the close of the experiment, the true weight in all cases 
being the end weight less oil recovered. “True tissue extract” may be 
considered as “cat-fat™ characteristic of the animal. Of 347 gm. of oil 
injected, 317, as shown in Table 5, were recovered, a utilization of 2.14 


6 ] . 
gm. or 20 calories a day. 
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TABLE 5 Tisste® ExtTrRact in Cat 4 
True Tissue 


Structure Ether Extract Iodin Index. Cotton-Seed Oil Extract. 

gm gm gm. 
Subcutaneous fat and oil 171.82 95.2 87.63 84.2 
Skin and hair 74.07 82.3 39.4 34.7 
Skeleton and muscle 224.03 105.0 109.4 33.6 
Total ; 469.92 : 317.4 1525. 


These figures are perhaps emphasized by the partial extraction results 
of a similarly treated cat, No. 57, into which 369 gm. of sesame oil were 
injected during twenty days. This cat lost 25 per cent. of its weight, 
the end weight including the unabsorbed fat still in the tissue, against a 
loss of 19 per cent. in the previous animal weighed under similar condi- 
tions. From the subcutaneous tissue alone 121 gm. of sesame oil were 
recovered. The furfurol test for sesame oil applied to the ether extracts 
of the lung, omentum, perirenal and pericardial fats, was negative in 
each case. These figures suggest corroboration of the results obtained 
with Cat 4, but when combined with the clinical and autopsy findings, 
they lead to the conclusion that except for the slight differences in the 
specific absorbability of the various fixed oils, the amount of utilization 
of these fixed oils in absolute starvation is negligible.*’ 

The sharp attack on the protein tissue of the body in starvation is 
accompanied by a diminution of all the visceral functions. The digest- 
ive juices are no longer secreted, and since some lipase or other similar 
enzyme must be used for the transference of outlying fat to the liver, 
further production of these enzymes must take place at the expense of 
still further protein destruction. On the other hand, the need for 
enzymes with emulsified oils is minimized, for the oil is in a physical 
state which makes entrance to the small-calibered lymphatics easier.** It 
was further noticed that oils thrown out of emulsion by tissue action 
seemed much more fluid and lighter-colored than before emulsification, 
which was possibly the result of an intimate mixture with tissue fluid. 
Such oil dried in the hot-air chamber lost about 5 per cent. of its weight 


by evaporation in eight hours. 


INJECTION OF EMULSIFIED OILS AND FATS IN STARVATION 


Cat 5, weighing 3 kilos, received daily injections of 20 gm. of cotton- 
seed oil in 66.5 per cent. emulsion containing 5 per cent. lecithin during 
a starvation period of twenty-three days. On account of protein loss 


there was a steady reduction in weight, progressive emaciation and, after 


17. By “specific absorbability of oils” is meant the characteristics of oils 
which make them more diffusible through the tissue spaces and consequently more 
easily absorbable, as well as to characteristics such as the stimulation to vigorous 
Iymph-node hypertrophy which peanut oil seems to produce. 


18. The lymphocytes may take part in this 
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the nineteenth day, great muscular weakness. 
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Accumulation of oil was 


first noticed on the fifteenth day. In twenty-three days 1.39 kilos wer 


lost by the animal, 44 per cent. of its original weight. The 


extraction were as given in Table 6. 


TABLE 6 RESULTS Of 


EXTRACTION IN CA’ 


results of 


True Tissue 


itt a 





Tissue. Ether Extract [odin Index. Cotton-Seed Oil Extract 

gm. gm gm 

Subcutaneous oil (and fat) * 70.03 110.0 108.8 4.7 
Subcutaneous fat : 43.48 109.0 

Skin and hair...... ; 41.85 101.8 35.1 6.7 

Skeleton and muscle 65.27 97.5 43.1 22.2 

Total : 220.62 187.0 33.6 


* As directly withdrawn on autopsy 


Of 469 gm. injected, 187 were recovered and 282 were utilized, giving 
a daily absorption figure of 12.26 gm. or 114 calories, about half of the 
energy requirement of this animal. The total true tissue extract was 3 
per cent. of the true end weight. 

This experiment was repeated, using an emulsion of lard as a contrast 
to the vegetable oils, with the idea that more closely related animal fats 
might be more easily taken up by animal tissue. The omenta of several 
freshly slaughtered hogs were tried out by continuous jets of steam and 
146 gm. of the resultant lard were injected in the form of a 72 per cent. 
emulsion during sixteen days. The animal was starved and lost weight 
steadily, as in all similar experiments, but no accumulation could be 
ascertained until the injection was increased from 35 to 70 e.c. a day. 
Following the appearance of marked accumulation the animal’s weakness 
increased and the experiment was closed under anesthesia at the end of 
the sixteenth day. The index of the lard used was 57, which made it 
impossible to employ the ordinary method of calculation. Accordingly) 
the extraction figures of four cats, similarly starved and injected with 
vegetable oils during a similar period were averaged for each group of 


the tissues and the average figure used, the results being given in Table 7. 


rABLE 7 RESULTS OF EXTRACTION IN CaT 26 


Average 


Calculated 


Tissue Weight of Lard 


Structure. Ether Extract. lodin Index. Ether Extra: Recovered 

gm gm gm 

Subcutaneous fat and oil... 93.11 59 17.32 75.79 
Skin and hair 42.35 50 12.30 30.09 
Skeleton and muscle 77.36 56.3 2.70 64.63 
rotal 212.82 $2.32 170.50 
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By this calculation we find 170 gm. recovered, giving a daily utiliza- 
tion of over 17 gm. or over 160 calories. This corresponds with what 
the dissection promised. Should this be considered an excessively high 
result, it will be found on estimating the entire ether extract as unab- 
sorbed lard that 233 gm. of lard must have been utilized in sixteen days, 
14.5 gm. per day or 135 calories, a large amount in an animal whose total 
requirement was not greater than 210 calories a day. 

The results obtained from the use of lard and from brief, but to me, 


equally conclusive experiments with human oi: and to a lesser extent 


with butter, suggest that the fats whose chemical characteristics are 
similar to those of man may be much more readily absorbable than other 
fats, and that specific absorbability may be found to depend in a measure 
on the closeness of chemical resemblance which an injected fat bears to 


the fat of the host.?® 


INJECTION OF PLAIN OIL IN CONDITIONS OF PROTEIN INGESTION 


The cats of this entire series were fed with about 70 gm. of lean beef 
heart daily, or about a third of the average energy requirement, with the 
object of preventing part of the protein waste while forcing the animal 
to live mainly on its own and the foreign fat. 

The series is unfortunately incomplete, for no complete extractions 
were made of cats injected with plain oils under such conditions of nutri- 
tion. Clinically and at autopsy the absorption results seemed slightly 
better than those following the use of plain oils in absolute starvation, 
but not sufficiently better to warrant the laborious separation and extrac- 
tion. 

INJECTION OF EMULSIFIED OILS IN CONDITIONS OF PROTEIN INGESTION 

Cat 14, weighing 2.8 kilos, received 627 gm. of cotton-seed oil in 66.5 
per cent. emulsion with 5 per cent. lecithin over a period of thirty-four 
days. Up to the twenty-fourth day the cat remained fairly vigorous, 
but weakness and accumulation of oil in the tissues had become moder- 
ately marked when the animal was killed at the close of the thirty-fourth 
day. 

Autopsy disclosed moderate amounts of fat in the natural adipose 
tissues. The subcutaneous and structural extracts gave a brilliant Hal- 
phen reaction,”° denoting the presence of cotton-seed oil which, however, 
was given by none of the visceral or internal adipose fat extracts. The 
results of extraction were as given in Table 8. 

19. In this connection R. L. Sutton (Brit. Med. Jour., May 23, 1908, p. 1225), 
reports experiments tending to show that animal fats, and especially lard, are 


much better absorbed through the unbroken skin than vegetable oils 
20. Bull. 107, Revised, Bureau of Chemistry, U. S. Dept. Agric. 
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rABLE 8 


» Tissue 


Structure. Ether Extras Extract. 


gm 
Subcutaneous fat and oil 229.50 
Skin and hair.. 50.30 


gm 
7.00 
16.85 


62.54 


Skeleton and muscle 


rota] 86.39 
*In this and in severa! other cases the muscles had been washed practically 
free of cotton-seed oil by rinsing with ether This, of course, lowers the iodin 
index to a figure so approximately normal 


as to make the small content of oil 
remaining incalculable by this method. Ir 


each of such cases 2 gm. would prol 
ably be an excessive allowance and the amount arbitrarily chose 


e 627 on 


~ gm. of oil given, 36! re utili , or 10.85 gm. 


the equivalent of 100 calories. Thi igh the end of the exp 
ess recovered oil, was 2,016 kilos, a lo ' 0.784 kilos, or 28 per 
The true tissue ether extract made of the true end weight. 
A similar result, under the san onditions, was shown by Cat 


h was given 560 gm. of « il in a 71.5 per cent. emulsion 
ontaining 3.5 per cent. lecithin during th avs. It was killed 


} 


* while still moderately ac 


TABLE 9 


True Tissue 


Structure. Ether Extract Extract 


in Index Olive Oi] 
gn 

Subcutaneous fat and oil 110.870 

Skin and hair 55.097 


om 
62.090 
41.322 
Skeleton and musck 17.610 16.664 
Tota 


1° - 
120.04 


Ss: 


amount 


respona 


sen adown 


The work of J f J. Rosenfeld 

ebn. d. Physiol., 1902, p. 673) ar f Lebedeff rch. f. d. ges. Physic 
1883, xxxi, 11) on this point processes and in pathological 
nditions is of great interest. 
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SUBCUTANEOUS INJECTION OF PLAIN OIL SUPERIMPOSED ON A NORMAL 


MIXED DIET 
Cat 45, weighing 3.2 kilos, was fed a rich mixed diet and was injected 
with 369 gm. of plain cotton-seed oil during twenty days. The cat 
remained perfectly well and gained 18 per cent. in weight, excluding the 
weight of the oil recovered. 


PABLE 10 RESULTS OF EXTRACTION IN Cat 45 
True Tissue 


Structure. Ether Extract lodin Index. Cotton-Seed Oil Extract. 

gm. gm. gm. 

Subcutaneous fat and oil . 252.80 95. 167.4 83.4 
Skin and hair........ . 87.62 73. 13.0 24.6 
Skeleton and muscle... 116.09 68. 8.1 108.0 
Total 406.50 cas 190.5 216.0 


One hundred and ninety grams were recovered (Table 10) of the 
369 gm. of oil injected, giving a daily utilization of 8.95 gm. or 83 calo- 
ries. No Halphen reaction was obtainable from the extracts of the inter- 
nal fats. 

\ similar although more marked result followed the injection of 669 
gm. of plain peanut oil similarly superimposed on a rich mixed diet. The 
animal weighed 3.2 kilos and gained 27 per cent. in thirty-six days. The 
inguinal lymph-nodes were remarkably hypertrophied and the lymphatics 
and thoracic duct contained considerable amounts of free oil in process 
of transference from the subcutaneous spaces. The extraction results 


as given in Table 11. 


were 
PARLE 11 RESULTS OF EXTRACTION IN CaT 63 

True Tissue 

Structure. Ether Extract. Todin Index. Peanut Oil. Extract. 

gm. gm. gm. 

Subcutaneous fat and oil 285.00 78.3 182.4 102.6 

Skin and hair... 37.77 71.0 20.4 17.4 

Skeleton and muscle 146.50 71.4 35.2 111.3 

Total 469.27 238.0 231.3 


Of 662 gm. injected, 238 were recovered, giving a daily utilization 


amount of 11.77 gm. or 109 calories. 

At the start of this experiment the animal was an average-sized. well- 
nourished cat. At autopsy its fat depots were found to be extraordinaril\ 
well filled with normal cat-fat, the amount of omental! fat extract being 
twice as great as the largest norma! extraction figure, and the subecuta- 
neous, perirenal and diaphragmatic weights appreciably above the highest 
normal results. 

This case presents additional evidence of the utilization of oil so 


1dministered and undoubtedly means that most of the fat entering the 
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system after intestinal absorption was deposited as cat-fat, the foreigr 
oil supplying the heat and energy necessary.” 

The quite different results which follow the injection of plain o 
superimposed on a rich mixed diet, results seen both in starvation a1 
in very low protein feeding, bear out the supposition that the slig 
absorption of plain oils in starvation is due to lessened or absent enzyme 
formation and action, for with the lymphatic apparatus equally open to 


absorption in both instances, absorption of plain oils occurs in pract 


utilizable amounts only where there is a sufficient protein supply or suf- 


ficient glandular activity to furnish enzymes to act on the « 


SUBCUTANEOUS INJECTION OF EMULSIONS SUPERIMPOSED ON A NORMAI 


MIXED DIET 


Cat 39, weighing 2.48 kilos, was fed with more than its requirement 


in fat, meat and milk, covering a period of twenty-three days. ri 
“ icl it ecel d 240 on! ot cotton-seed oi] I the torn ( i bt > mH 
cent. emulsion containing 5 per cent. lecithin. During the experimen 


the animal became ill with a nasopharyngitis and was unable to eat or 1 


drink for four davs, during which time it lost 0.38 kilos.’ This was 
more than regained, the final weight being 2.86 kilos, a gain of 15.4 per 


cent. of the original weight and 30 per cent. of the weight after illness 


At the close of th experime nt the cat was very active, ate well and 


f 


every ¢ vidence of exc llent health. 


PABLE 12.—-RESULTS OF EXTRACTION IN CaT 39 
True Tissue 
Structure Ether Extract [odin Index. Cotton-Seed Oi] Extract 
om. om. vin 
Subcutaneous fat and oil 121.200 96.5 83.63 37.57 
Skin and hair 49.775 70.0 14.44 5.34 
Skeleton and muscle 80.627 64.3 2.00 78.63 
Total 251.602 ° 100.07 151.54 


One hundred of the 270 gm. of oil given were recovered fron 


cat’s body, which indicated a daily utilization of 7.4 gm. or 68 calories 
(Table 12 
or internal fats. The total true tissue extract was 6.7 per cent. of 


No Halphen reaction could be obtained from the viscera 


true body weight. 


22. It might be highly significant to repeat this experiment under conditions 


of accurate calorimetry in order to contrast the amount of carbon excreted with 
the carbon content of the foreign oil used, the latter being determined by com 
plete extraction of the animal 

23. All our animals under experiment at the time were ill with epidemic 
rhinitis and pharyngitis, which affected cats receiving oil with the same intensity 


as control untreated cats 
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The smaller utilization of foreign fat was probably due to the smaller 
demand for fat as food. The foreign absorbed fat was apparently burned 
to spare the normal fat. 

To determine the influence of the intercurrent illness and enforced 
starvation on the absorption, the experiment was repeated using the same 
diet. 

Three hundred and thirty-one grams of peanut oil in a 67.5 per cent. 
emulsion containing 3.5 per cent. lecithin were injected into Cat 36, 
weighing 2.68 kilos, during twenty-six days. The cat remained perfectly 
wel! but gained only 0.1 kilo. Autopsy showed well-filled fat depots, but 
the total true tissue extract was only 4.5 per cent. of the end weight, 
although the utilization figure was practically identical with that of the 
previous experiment. 


TABLE 13.—RESULTS OF EXTRACTION IN CAT 36 
True Tissue 





Structure. Ether Extract. TIodin Index. Peanut Oil. Extract. 

gm. gm. gm. 
Subcutaneous fat and oil.. 125.300 82.5 102.1 23.2 
Skin and hair..... waa 39.263 71.2 20.8 18.5 
Skeleton and muscle 79.210 69.6 16.5 62.7 
Total . 243.773 ad 139.4 104.4 


One hundred and forty grams of the 331 gm. injected were recovered, 
giving a daily utilization of 7.35 gm. or 69 calories (Table 13). The 
absorbability of oils is still further demonstrated by these experiments in 
superimposition and the fact elicited that under such conditions plain oils 


are somewhat more absorbable than emulsified oils. 


INJECTION OF EMULSIONS SUBJECTED TO LIPOLYSIS 
An emulsion of 70 per cent. cotton-seed oil with 4 per cent. lecithin 
was subjected to digestion by a very active lipase for half an hour, after 


‘ 


which the lipase action was inhibited by heating to 60 C. In amounts 
above 0.1 per cent. the emulsion was broken up by digestion, but from 
0.1 per cent. to 0.05 per cent. the emulsion remained perfect, although 
microscopically the fat globules showed considerable digestive fragmenta- 
tion. 

Emulsions treated with lipase in proportions from 0.05 per cent. to 
1 per cent., in which after sufficient digestion the lipase was destroved by 
heat, were injected into several cats. The object was to ascertain whether 
the chemical products of lipolysis of oils given subcutaneously were irri- 
tating and to what extent, if any, they were absorbable. The following 
experiment is typical of the result. 

Cat 15, weighing 3.77 kilos, was given 23 gm. of cotton-seed oil daily 


for seven days, in the form of an emulsion subjected to the action of 


pee DE 
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0.2 per cent. lipase for two hours. The intention had been to superim- 
pose this injection on normal feeding, but from the first injection the 
animal refused food, soon became careless of habit and showed such evi- 
dences of toxic effect that it was killed at the end of the seventh dav. 
The weight had fallen 20 per cent. Complete extraction showed that 
8.3 gm. of oil had been utilized daily. As there was no great evidence of 
local irritation it was at first supposed that the lipase had split the leci- 
thin and that cholin poisoning had resulted. Analogous results wer¢ 
given, however, by plain oil similarly lipolyzed, and hence the consti- 
tutiona! and local] effects may have been due in both forms of injection to 
the production and action of free oleic acid, possibly with the formation 
of minute quantities of toxic soaps. No evidences of hemolysis were seen. 

From the experience with oils subjected to lipolysis it is obvious there- 
fore that their practical utilization is prevented by the production of 
toxic substances formed during their preparation. Table 14 shows thi 
utilization of foreign fats administered subcutaneously to cats, including 


only those animals which were completely extracted 


TABLE 14.—UTILIZATION OF FOREIGN FATS ADMINISTERED SUBCUTANEOUSLY TO 
CATS WHICH WERE COMPLETELY EXTRACTED 


STARVATION 


Days of Fat Fat Utilized 

Cat. Oil Used. Injection. Injected. Total. Per Day. 
gm. gm. gm. 

4 Plain cotton-seed 14 347.0 30.0 2.1 
5 Cotton-seed emulsion 469.0 282.0 12.3 
9 Olive oil emulsion 16 332.0 94.0 5.9 
11 Olive oil emulsion. . 5 117.0 54.5 10.9 
16 Olive oil emulsion 10 214.0 84.0 8.4 
23 Cotton-seed emulsion 14 274.0 101.0 12 
26 Lard emulsion ; 16 446.0 276.0 17.3 
32 Human oil emulsion.... ll 212.0 56.0 5.1 
15 Lipolyzed cotton-seed emulsion. . 7 164.0 58.0 8.3 

LOW PROTEIN DIET 
10 Olive oil emulsion . 32 566.0 46.0 13.97 
12 Olive oil emulsion 17 311.0 136.0 8.00 
14 Cotton-seed emulsion 627.0 369.0 10.85 
30 Sesame emulsion 13 187.0 120.0 9.66 
34 Corn oil emulsion 13 139.0 85.0 6.50 
44 Liquid petrolatum emulsion 15 172.0 44.0 ;O0 
FULL MIXED DIET 

35 Sesame emulsion . . 26 289.0 148.0 5.70 
36 Peanut oil emulsion. . . 26 331.0 191.0 7.35 
39 Cotton-seed emulsion 23 270.0 170.0 7.40 
43 Peanut oil emulsion 17 211.0 95.0 5.60 
45 Plain cotton-seed . 20 369.0 179.0 8.95 
63 Plain peanut oil .. 36 662.0 $24.0 11.77 


INFLUENCE OF INJECTED OILS ON THE VISCERAL FATS AND THE INTERNAL 
ADIPOSE TISSUE FATS 

The influence on the internal fats of oils absorbed after injection was 

first sought by an experiment on two animals of approximately the same 
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weight and given the same normal mixed diet over the same period, one 
receiving injections of plain peanut oil. 

Cat 63, an animal in good nutrition, was given 662 gm. of plain pea- 
nut oil in thirty-six days, during which time, as extraction proved, 424 
gm. of this oil were utilized. The animal’s weight rose from 3.203 kilos 
to a final weight of 4.32 kilos. The recovered oil weighed 238 gm. 


Hence the true weight was 4.08 kilos, a gain of 27 per cent. during the 


Cat 64, an animal in good condition, and weighing 3.556 kilos, was 
given the same full mixed diet over the same period. This cat ate quite 
as heartily as its fellow and gained 0.324 kilo or 8.3 per cent. The two 


mals were killed at the same time, dissected on the same day and 


extracted simultaneously. The results are given in Table 15. 


raBLe 15.—ReESULTS OF EXTRACT 





Weig t 

Fresh Weight Dry Weight Ether Extr 
Organ or Tissue Cat 63 Cat 64 Cat63 Cat 64 Cat 63 
Liver 159.5 113.0 53.0 43.0 5.35 
Kidnevs 48.3 14.7 15.0 16.4 1.60 
Heart 20.2 18.7 6.0 6.2 1.79 
Lungs 51.2 21.0 12.2 6.3 1.44 
Spleen 11.0 9.0 2.7 >| 0.25 
Pancreas 10.0 6.2 3.0 | 0.66 
Stomach and intestines 142.0 157.5 31.5 5 3.71 
Omentum 97.5 §2.5 89.2 7 86.32 
Mesenter’ 26.7 29.5 18.5 2 16.60 
Pericardial fat 10.0 10.5 5.5 6.0 3.90 

Perirenal fat . 67.0 36.0 52.5 31.5 46.64 2 
Diaphragmatic fat 10.0 8.1 8.0 7.6 7.62 
Subcutaneous fat and oil 481.0 130.5 354.0 110.5 284.90 
Skin and hair 373.0 181.0 193.0 230.0 37.70 
Skeleton and muscle 2038.0 2390.0 701.0 805.0 146.50 
rotal 3544.0 3508.0 1545.1 1376.9 644.98 


*10 ¢.c. blood from Cat 63 gives 0.027 gm. of ether extract: 10 ¢.c. blood from Cat 64 


Fy this table it is seen that the total fresh weight is about th 
same in each animal, but that the amount of ether extract is much larger 
in the animal which had received oil. Deducting the amount of peanut 

| recovered from the tissues, or 238 gm., the true fresh weight of the 


tissues under extraction is 3,306 gm. Also it must be considered that 
the cat receiving oil was over 200 gm. lighter than the control cat at 

start of the experiment. Hence in the injected cat whenever there 
1s any increase or even equalization of the weight of a viscus or in the 
amount of natural fats, or of the ether extracts as compared with similar 
tissue in the control, it may reasonably be ascribed to some factor invoked 
during the period of increase in weight. The single factor in the entire 
experiment not common to the two animals is that the smaller received 
injections of oil. Comparison of the weights shows the following points 
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1. The originally smaller animal contained over 17 per cent. more 


ether extract after the amount of oil recovered from the tissue had been 
deducted. This increase is seen to be greatest in the adipose tissue ether 
extracts and may therefore be considered as true fat increase. 

2. The weights of the liver and of its ether extracts are greater than 


in the control. This organ! is the one most actively engaged in the 


i chemical transformation of fat and the fact that this is the only viscus 
and the only viscera] fat extract which shows an increase over the control 
is extremely significant.** 

3. The great internal depositories for fat, the omentum and perirenal, 
with the pelvic adipose tissues, are nearly twice as full of true fat as in 
the control. The true subcutaneous tissue extract, 102 gm., is also greater 


. than that of the control. 


Cat 63 (TREATED) AND CaT 64 (CONTROL) * 
Per Cent. of Per Cent. of Per Cent. of Per Cent. Ether Iodin Index 
Ether Extract of Ether Extract of Ether Extract of Extract of Total of Ether 
Fresh Weight Dry Weight Total Tissue Extract Fresh Body Weight Extract 
Cat 63 Cat 64 Cat 63 Cat 64 Cat 63 Cat 64 Cat 63 Cat 64 Cat 63 Cat 64 
3.37 4.1] 10.09 10.78 1.31 1.31 0.13 0.12 95 + 95 
3.31 4.18 10.66 11.33 0.39 0.52 0.04 0.05 18.6 18.0 
8.88 12.24 29.75 36.93 0.44 0.65 0.04 0.06 65.0 64.0 
985 7.64 11.84 25.50 0.35 (1.45 0.035 0.044 89.1 69.2 
2.31 2.7 9.41 10.74 0.06 0.07 0.006 0.007 85.0 66.0 
6.63 19.51 22.10 44.8] 0.16 0.34 0.016 0.034 60.0 66.0 
2.62 3.19 11.77 12.42 0.91 1.44 07.09 0.13 73.1 68.6 
88.54 86.45 96.77 97.33 21.20 2.12 2.12 1.17 65.0 66.0 
62.17 58.38 90.00 84.25 4.10 41.86 0.4] 0.47 64.6 66.0 
39.00 39.30 70.90 68.78 0.95 1.17 0.095 0.106 65.0 60.0 
69.61 75.58 88.84 86.06 11.64 7.74 1.16 0.72 67.3 65.1 
76.20 92.40 95.25 97.43 1.89 2.10 0.19 0.19 63.5 62. 
59.23 66.46 80.48 91.40 25.33 22.47 2.53 2.03 78.3 67.3 
10.14 4.42 79.57 10.30 4.26 6.74 7.42 0.64 71.0 65.0 
7.13 5.46 20.90 16.22 27.60 37.19 2.76 3.65 71.4 65.1 


0.025 gm. of ether extract 


Comparison of the iodin indices gives further corroboration of the 
presence of fat of a higher iodin value than that usually found in the 
fatty tissues after ordinary food fats have been absorbed from the intes 
tine, for the average index of the visceral and internal adipose fats in the 
injected cat is 67.8 and in the control 60.1. The indices of the spleen 
and pancreas are much above our highest normal figures, and while this 
may be due to an uncommonly large proportion of some phosphatid- 
lipoid, it is more probably due to the same cause which has generally 
raised the indices. 

24. In estimating the iodin indices of ether extracts of the liver it is often very 
difficult to obtain the exact end reaction point owing to the deep brown color of 
liver fat. The iodin indices placed at or about 95 are not exact readings and indi 
cate simply that the iodin value was not lower than that figure 
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It has long been known and recently been emphasized by Williams 
and Forsyth** that the nature of the fat in the body is determined by the 
nature of the fat eaten and stored. As a considerable absorption of oil 
with a high iodin index has been demonstrated in the case of the treated 
cat under consideration, and as all other experimental conditions were 
identical, it is but logical, therefore, to conclude that this oil has had a 
direct influence in generally raising the iodin values of the visceral and 
adipose tissue fats of the injected animal. 

The ether extracts of the blood are not significant. The fat in the 
rapidly circulating blood-stream under ordinary conditions of health is 
soon stored and as each specimen was taken from the external jugular 
vein, the likelihood of a distinct increase in the fat content of blood taken 
from a point so remote from the place of entry of fat, is slight. No 
examination of the fat content of the feces was made in these animals. 
Previous examination of feces from starving and fed cats under treat- 
ment and from the controls had shown that the normal fat content of 
these excreta from each animal was about 16 per cent. and was unaffected 
by the subcutaneous injections of oils. 

The influence on the internal fats of oils given subcutaneously was 
further demonstrated by comparison of the weights of visceral and adi- 
pose tissue, and their ether extracts; also by the iodin indices of the fat 
of animals which had absorbed enough oil over sufficiently long periods 
to allow the possibility of an influence. In general this influence was 
demonstrated for the average index of an organ to be higher in treated 
animals than in the controls under the same nutritive conditions. 

The liver, the most important of the viscera as regards fat storage, 
distinctly shows the influence of oil injection. 


TABLE 16.—RESULTS OF EXTRACTION OF LIVER 


STARVATION 


¢ 3 os 

a) x sf s¢ 

© ~ . a Berm ft 5 

om > “5 = =~ 4 +4 Oo 
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- =E Ee Ré = 22 2 oO 
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13 Untreated — , 37 1.79+ 95 7.27 0.10 

5 Cotton-seed emulsion 282 23 1.81 100. 4.40 0.13 

26 Lard emulsion 276 16 4.72 96. 7.90 0.21 
LOW PROTEIN DIET 

10 Olive emulsion 446 32 2.82 90 2.74 0.10 

14 Cotton-seed emulsion 269 34 2.93 ll! 1.58 0.15 
NORMAL MIXED DIET 

63 Plain peanut oa . 424 36 5.35 95.+ 1.31 0.13 

30 Cotton-seed emulsion . 170 23 5.92 110. 3.01 0.20 

35 Sesame emulsion 148 26 2.73 92. 7.67 0.24 

41 Control 7.25 97. 2.18 0.16 

64 Control 4.64 95.+- 1.32 0.12 


25. Williams, Owen T., and Forsyth, Charles: Brit. Med. Jour., 1909, ii, 1120. 
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In the starved cat, No. 26, the large weight of fat after sixteen days 


Abs¢ rption 


of starvation is significant. This cat showed the largest 
result of all the animals under experiment, 17 gm. of lard a day, and 
these extraction figures are indicative of an active mobilization of fat 
from the subcutaneous spaces to the liver where as Leathes** and Hartley 
have shown, modification of the saturated fatty acids occurs with the 
production of acids having higher halogen absorption values. The influ- 
ence of the type of oil is shown by the iodin indices of the three cotton- 
seed oil cats used for illustration, and the comparatively low figure in 
the animal given olive oil. 

The lung, the first organ to exercise any possible filtration effect on 
oil reaching the systemic circulation through the thoracic duct, was, in 
several cases, found to contain oil in macroscopic form but in no case was 


infarction or pneumonitis observed. 


TABLE 17 RESULTS OF EXTRACTION OF LUNGS 


STARVATION 


t 
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13 Control 37 0.407 69.5 1.61 0.002 

5 Cotton-seed emulsion 282 23 0.528 72.0 1.20 0.038 

26 Lard emulsion .. 276 16 0.854 61.0 1.44 0.039 
LOW PROTEIN DIET 

10 Olive emulsion 446 32 0.553 62.8 0.54 0.019 

14 Cotton-seed emulsion 369 34 2.250 80.5 1.98 0.111 
NORMAL MIXED DIET 

63 Plain peanut . 424 36 1.445 89.1 0.35 0.035 

4] Control 1.243 75.1 0.37 0.028 

64 Control 1.606 69.2 0.45 0.044 


In all the treated animals cited in this table. except Cat 10, oil or 
fat was observed macroscopically. This accounts directly for the increased 
weights and percentages and for the variation in the iodin indices, that 
of the cat given lard being unusually low. while the cats given cotton- 
seed and peanut oils show an increase. 

The general effect of injected oi] on the iodin index of the kidney is to 
raise it. The average renal ether extract has an iodin value of about 50 
The average index of the cats given normal food and injected is 60.8 
and of the starved animals similarly injected 58.1. 

The average splenic and pancreatic indices in starvation and normal 
health are approximately 70. In the treated starvation animals the 


~o 


average of splenic indices is 73.6 and on a full diet 76.9. Average pan- 
creatic indices for similar groups of animals are 67 and 69.7 respect- 
ively, indicating practically no influence on the pancreas and but slight 


effect on the spleen. 
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The indices for the stomach and intestine are practically unaffected 
in the starving animals under treatment. In the fat-treated animals on 
a full diet the average is 78, as opposed to 70 for the controls. 

All averages of the indices of the internal adipose tissue extracts in 
the starvation and in the full diet experiments (both with superimposed 
subcutaneous fat injections) show very little, if any, increase over the 
normal figures. This fact indicates that the foreign oils are not found 
in the functionally active viscera unless these exist there in a changed 
form. If any of the foreign oil absorbed is not immediately consumed 
for the production of heat and energy it may possibly be converted into 
normal cat-fat before it is stored. 

The average amount of ether extract obtained from the 10 ¢c.c. sample 
of jugular vein blood was 0.035 for the normal cats, 0.037 for treated 
and normally fed animals, 0.222 for the starvation control, and 0.088 for 
the treated and starved animals. The index of the starvation control 
specimen was 57.2. The only extract of sufficient size to be treated, 0.124 
gm. from the blood of Cat 10, which utilized 446 gm. of olive oil in 
thirty-two days of low protein diet, gave the index of 77.3. A group of 
treated and superimposed cats gave the index of 63.5. Not enough work 
has been done as yet to allow interpretation of these figures, although the 
relatively high index given by the blood of Cat 10 is suggestive. It will 
be seen therefore that injections of oil, acting over a sufficient period, 
will influence the character and amount of the fatty tissue of the body 


to an appreciable extent. 
SUMMARY AND CONCLUSIONS 


1. Olive, peanut, cocoanut, sesame, cotton-seed, lard oils, unsalted 
butter-fat and lard may be given hypodermically and over a considerable 
period without local irritation, provided aseptic care is used, and no con- 
stitutional disturbance occurs provided precautions are used to prevent 
injection into the blood-stream. 

2. Emulsions of these oils made with 3 to 5 per cent. of egg lecithin 
and water are permanent, and cause no irritation if given subcutaneously. 

3. Oils and fats given subcutaneously are absorbed by means of the 
lymphatic system and eventually reach the thoracic duct. 

t. Lymphatic vessels and glands in contact with and transmitting oil 
for any length of time become hypertrophied and are thus better able to 
carry oil. 

5. The amount of absorption of plain oi! from the subcutaneous tis- 
sues after injection during starvation is so small as to be negligible. 
Emulsified oils and fats injected during starvation are absorbed in 
amounts sufficient to furnish from one-half to two-thirds of the full 
calorific requirement of the animals injected. 
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6. Oils and fats so injected and absorbed have no more influence on 
the destruction of protein in starvation than has fat given alon \ 
mouth. 


7. Plain oils injected subcutaneously under conditions of low protein 





ingestion are little, if any, better absorbed than when similarly given du 


ing starvation. Emulsified oils injected under these conditions are 


absorbed quite as well as similar oils given to starving animals. 

8. Plain and emulsified oils are absorbed about equally well when t 
animals injected are given a plentiful supply of protein in tl 
This probably furnishes the large quantity of lipolytic enzvmes 1 Ss 
for body action on plain oil. 

9. The injection of oils subjected to lipolysis causes death, whic : 


lue apparently to the production of oleic or other acids with the possible 
ormation of toxic quantities of soaps. 

10. Oil absorbed from the tissues after subcutaneous inject 
(a) burned in the body for the production of heat and energy, thus spar 
ing the body fat; (b) retained as such within the organism: or (c) pos- 


1 } 


ply converted into body fat by reconstruction in the liver from w 


t may be sent for storage to the various fat depositories, after wl 
+> is drawn on as needed. Proof of this last proposition is lacking. 

11. It seems likely, from comparative examination of the iodin indices 
of the ether extracts of visceral and adipose tissue that the actively fun 
tioning viscera use oil 


+} 


and fat absorbed after subcutaneous injection 
he direct performance of their functions, and that the storage of t 


oreign fat given in excess of the nutritive requirement takes place prir 


ipal n the subcutaneous tissue, liver and lungs, to a smal] « nt 


he kidneys and spleen, while the pancreas and stomach and intestir 


} 


re practically uninfluenced. 


12. This demonstration that after injection under suitable conditions 
s can be absorbed to an amount capable of covering so large a propo! 
on of the calorific requirement suggests the application of such inj 
ns to the treatment of wasting diseases, to the cachecti onditi 
ss ted with imperfect metabo processes and especially to ti 
ulosis, in which the intolerance to fats is almost symptomati 
> , . 
In conclusion I wish to express my obligations to Professor Gral Lusk f 


the courtesies of the laboratory and to both Professor Lusk and Assistant Pro 


fessor Murlin for many valual suggestion 

















CORRECTION OF AN IMPORTANT ERROR IN DR. HART’S PAPER ON 
rHE ACIDOSIS INDEX 

To the Editor: By an error, “ethyl acetate” appears in place of the correct 

“ethyl aceto-acetate” in my paper on “The Acidosis Index,” which appeared 
ARCHIVES OF INTERNAL MEDICINE ( March, 1911, p. 369). This unfortunate 
in the typewritten manuscript and in 

The sentence should read as follows: 

alcohol 25 c.c.; 


name 
in [HE 
mistake, which escaped my attention both 
the proofs, invalidates the whole paper. 
Che “standard solution” consists of ethyl aceto-acetate, 1 c.c.; 


and distilled water to 1,000 c.c 


[. Stcart Hart, M.D., New York. 
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CALCIFICATION AND OSSIFICATION * 


H. GIDEON WELLS 1.D 
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ves | ( effects o pie substances o st more ( npoiex 
ving ¢ nisms t the simplest things imaginable, the far 
! 
+ ; ) 
ganic salts, al : ing subject t east complex complet 
] } 
y sib the single ce Ins 0 s nerves. sans s¢ sans 
eV t \\ nat omists cannot so read educe our subiects « 
nvestiga l Suk mple terms, bu re forced too ofte1 the nature 
( } to the opposite extreme. with suc insatisfact ts 
' 
s yy eX PEC The situation of a path ogist, trying t nvestl 
ol a bacts ij toxin ol solute own position on 
the ¢ nknown compounds « a complex mammalian (¢ ins! 


the an searching in a dar room for a ick hat whicl 
e ! o be ire, in our gropings we have occasionally 
} ' ‘ nto sor creat truth. but I fear that when our eves are opened 
ae a rht come ve shall be on at e wreckage our blind 
efforts cause For example, is it not } e that, stur ¢ about 
n the darkness, \ ave buried the s le key to the mvysterv of 
mmunity beneath a mass of false data ar torted facts? 

Ca tion, dry and unpromising a problem as it may seem to he 
possesses at least one of the cardinal virt on which Loeb has insist 
Che t ts at one e! of our I tions are of known and simpk 
n ( ( I Saits e < isolat estimate al | invest it to ¢ 
U ntent nd wit a the iccurac which modern chemica 
methods afford us And indeed the other end of the reaction seems to b 

mewhat simpler than the biologica eactions of ving cells, f 
pathological calcification the organic st tures are commonly dead, inert 
chemically inactive; and even in ossification a relative chemical inactivit 
seems to characterize the calcifying structure. A pathologist working 
along chemical lines, therefore, has the right to feel that in t field ¢ 
calcification he has a favorable plac in which to try his feeble fl chts 


with the best hope of success. 


*Harvey Lecture, Delivered March 25, 1911 
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The accumulation and deposition of insoluble calcium salts by living 
organisms is so universal a process, exhibited by even the simplest pro 
tox that in t investigation of t problems of calcification and ossifi 
eation one is carried far afield into the territory of the zoologist, the 

gist, and the plant pl ologist. On the chemical side we find the 
news aeve pments ¢ « chemisti coming to our assistance with 
mal S estive discl es, and ( I I lem, which at first ma seem 
some t limited, broadens out to a most interesting on Further 
more. the existence of such diseases as rickets, osteomalacia, and osteo 
porosis, and questions concerning repalt and regeneration of bone, ma 
t ( yn of more than mere cademic interest. 

( ition. as observed in the formation of shells by mollusks and 
crust ems to 1 comparative simple matter, and if t ymmonly 
a ted interpretation of the chemica processes 18 Cé rrect, we can find 

( t elp us in our study of physiological and pathological ea 
f n in t mammals he esse | diserepaney is that with the 
latte the cal im salts are brought to the place of de sition in ti blood 
of the animal. while with the marine invertebrates the calcium 1s appar 
ently provided by the surrounding fluid. The hypothesis of Murray and 
Irvine. which von Fiirth? seems to consider the most adequate explanation 
of the facts. is that the calcium of the mollusean shells and of coral reefs 


is provided by the sea-water, in which it exists dissolved in the form of 
the relatively soluble sulphate, and that it is precipitated as caleium 
carbonate by the ammonium carbonate which is formed in the metabolism 


of the animals. This carbonate is excreted through the integument, where 


CaSO,+ (NH,).CO CalO NH,).SO 


Another Important difference is that in all these lower forms the 
n deposits consist chiefly of « irbonate, with rut ttle nhosp ate, 


whereas in the mammals and in most other vertebrates the calcium 


at ts are chiefly phosphate with relative little carbonate An impor 
tant exe tion to this last statement is furnished by the shells of birds 
eggs, the calcium in these being almost all carbonate.® and this in spite 
of the fact that the bones of birds closely resemble the bones of mammals 

1. Murray and Irvine: Coral Reefs and Other Carbonate of Lime Formations 
in Modern Seas, Proc. Royal Soc Edinburgh, 1889, xvii, 79 


2 Von Fiirth Vergleichende chemische Physiol ie der niederen There Jena, 
1903 p 578 


3. Shells of hens’ eggs contain approximately 97 per cent. CaCQ,, 1 per cent 


Ca,( PO, including some small quantities of magnesium phosphate and car 
bonate, and also 2 per cent. of organic matter Bronn Klassen und Ordnung des 
hierreiches, 1891, vi,, 875 This carbonate probably exists in the form of 
ecalcit Kelly, Agnes Beitriig ur mineralogischer Kentniss der Kalkausschei 
dung im Tierreiche, Jenaische Ztschr. f. Naturwissenscl LOO], new series, XXVIII, 
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or in tissues of low vitality, a considerable quantity of inorganic calcium 
salts, which appear at first in granular form, although later there may be 
more or less fusion and resulting areas of homogeneity. Within suc! 


eposits there are usually no living cells, and, so far as we know, no 


1 area unless it be absorption or 


further change takes plac e in the caleifie 
addition of more calcium salts. We have no information as to whether 
resorption of this calcium can take place to supply a deficit in the diet 
or the unusual demands of lactation and pregnancy, but we do know that 
it is not necessarily permanent, for the experimentally produced deposits 
of calcium in the kidney of the rabbit may be reabsorbed (von Werra’*) 
within a few weeks, and even if such deposits have undergone secondar\ 
ossification they may disappear within a year (Maximow*). In normal 
ossification, however, the homogeneous calcium deposits are close 
to living cells, which not only determine the form of the deposits, but 
which also are able to dissolve the insoluble salts or to cause their deposi- 
tion as mav be needed, thus rendering the inorganic salts of bone the 
reserve supply of a tissue of actrve metabolism, entirely comparable to 


rlycogen or of fat, and perhaps quite as important in view of 


= I 


the necessity of maintaining strict neutrality of the blood, a vitalls 


deposits of 


important process in which the bone salts are of the utmost value. 
Be vond this, howe ver, there seem to be no differs neces betwe n norma 
ossification and pathological calcification. Even morphologica 


} 


are many points of resemblance. In each case the insolub! 


e salts are laid 


down in a matrix especially prepared to receive them: in bone formation 


the homogeneous acellular matrix of the cartilage; in calcification some 
a ular necrotic tissue, or, more especially, homogeneous elastic fibers 
0 iline degenerated connective tissue, each of these latter bearing 
marked structural resemblance to the hyaline matrix of the cartilage or 
steoid tissue. If we dissolve out the salts with acids we find remaining 


alike in bone and calcified areas an insoluble ground substance of homo- 
geneous organic material, usually showing an affinity for basic dves; 
however, the proportion of salts and stroma is less constant in path- 
ological calcification than it is in adult bone. Finally when the ir 
salts are first deposited in normal ossification thev are in a finely granular 
form (Pacchioni®) even although they later appear to be homogeneous, 


so that even this distinction between calcification and ossification is not 


absolute. Chemically the resemblance is even more close, for with few 
xceptions the proportion of the different inorganic salts in all sorts of 

7. Werra. vor Ueber die Folgen des vortibergehenden und dauernden Ver 
schlusses der Nierenarterie, Virchows Arch. f. path. Anat., 1882, Ixxxviii, 197 

8. Maximow: Ueber experimentelle Erzeugung von Knochenmarkgewebe 
Anat Anz.. 1906, xxviii. 609 

9. Paechioni: Untersuchungen itiber die normale Ossification des Knorpels 


uh f. Kinderh., 1902, Ivi, 327 
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eas ! a il Ca deposits is bee! I t { is 
t ( st ot norma one l or tt teral | 
ind a few analyses of pathologi t : ting that 
if é salts present were not In a ] rtion sin it of the 
} alts } 
: organic substance ¢ normal bone, W! n the in 1S 18 INnVarlabdly 
m 85 to 90 per cent. of cal im p ~ ite and om 10 t 1S I nt 
i m carbonate, but there is « I n to bell that these atypical 
esults are to be ascribed to Improper n s ol al . \ ot! 
pe! re misleading an to analyze an as for bas 1 ind ( 
to give the resulting figures as indicating tl : n of t 
ments present in the tissues during life n the case of b ish t 
results for the carbonate will inevitab neorrect r duri the 
f 
: irning there develops 1 great quantity olf carbon dlo r ( ( 
ch will unite with the bases present; with subsequent heating, W 
er, all the carbon dioxid can be driven off, leaving only the oxids of t 
tals. In a test experiment, 2 gm. of pure gelatin and 2 gm. ca m 
sphate [(Ca,(PO,).] were mixed by means of a little hot 1 ; 
dried. and fused over a Bunsen burn until only a littl irbon was left 
s shown by the gray « r of the asl Analysis showed the presence in 
i this ash of 0.0556 gm. carbon ¢ sid, wl ndicates t es of 
0.080 om. calcium carbonate; therefore, about 4 per cent. of the calcium 
the phosphate had become united as carbonat A re tition of this 
experiment, carrving the fusion until there was practically no free carbon 
eft. vielded 0.026 gm. carbon dioxid, or 0.059 om. calcium carbonat 
The danger of error from addition or loss of carbon dioxid in ashing, 
though generally recognized in bone analyses, seems to have been ove1 
( ed in several of the reports of analyses of pathological cal deposits 
h speak of the amount of carbon dioxid in the as Phat the phos 
icid determinations in ash are also unreliable, seems not t ive 
een considered, even in most of the recorded analyses of bon We have 
owever, In bone tissue, a greater or less proportion of nuc -proteins an 
thin, especially when the marrow is included, from w phosphori 
acid is freed on heating, and which wil! unite with the bases, especially 
the carbonates.’° For example, in a test analysis, a mixture containing 
(1) 2 gm. of CaCO., (2) 2 gm. of dog spleen from which all phosphorus 
soluble in water, ether, or boiling alcohol had been extracted: and (3) 0.5 
em. lecithin, was sed until white, washed thoroughly th water to 
emove soluble hosphates, and analvzed No less than 0. ’ g ol 
10. The method used by Gabriel, decomposing the bone with an alkaline solu 
tion of glycerin, offers the same opportunity of converting orgar phosphorus 
compounds into calcium phosphate, and in fact gives the same proportion of 
: ealcium phosphate as the ashing method It is an interesting fact, emphasized 
; by Aron (Stutzgewebe und Integumente der Wirbeltiere, Handbuch der Biochemie, 
: 1908, ii, 178), that both methods indicate the presence of sodium and potassium 
held in the bone ash in an insoluble forn 
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insoluble P,O,; was found, corresponding to 0.1344 gm. of Ca, (PO,)., 


which had undoubtedly been formed from the organically bound P,O, 


during the fusion, changing 6.6 per cent. of the calcium of the carbonate 
into phosphate. 

There have been made in my laboratory by R. L. Benson, Conrad 
Jacobson, and myself, many analyses of normal and pathological calcified 


materials, both natural and experimental, by a method devised to exclude 
these sources of error, and without exception, whether the material was 
early or late calcification, large or small in amount, natural or experi- 
mental, human, bovine, or rabbit, we have always obtained results show- 


] 
nl 


ing that in pathological deposits the calcium salts are always present in 


the ratio of phosphate and carbonate which is, within certain limits, 
characteristic of normal bone. Of the analyses in the literature, a large 
rtion show a similar ratio of carbonate and phosphate. Where the 
results are different from this they usually can be explained by the use 


of the ashing method in the presence of a large amount of organic 


PATHOLOGICAL CALCIFICATION 


Perhaps the most striking evidence of the relation of calcification to 


m is the frequency with which we find an area of pathological 


f some dead tiss undergoing a 


metamorphosis into true 
bene. Surelv nothing can be more remarkable, more spectacular, indeed, 
than that a human eve n ay come to be lined with a shell of true living 
vone, perhaps containing marrow, as a sequel to the deposition of cal 


dead material left unabsorbed after a suppuration within 


{ r Neither is this an unusual, isolated observation, for we find it 
to be a rule that when areas of calcified pathological tissues remain long 
enough in the body, ossification will take place in a certain proportion of 
cases, irrespective of any proximity or relation to bone tissue. This is par- 


t tlarl true of the eve, the onhthalmologists having reported many 


cas ossification of calcific deposits within the eve-ball; and Posch- 

iss} found that of twenty-nine such calcified areas which he exam- 
ined, true bone could be found in all but four. Calcified nodules from 
the lungs of twenty-eight persons were examined by the same author, and 


in seventeen of the bodies (60 per cent.) bone was found. Bone-marrow, 


or a tissue resembling it, was found in three of fourteen calcified nodules 


from heart-valves, and bone was present in four of thirtv-one calcified 

e plaques. Calcified nodules in the liver and in the mesenteric 
rf nas ‘ so often ossified 1 in wt there s hard! 1 tissue in the 
inimal body in which transformation of calcified into ossified tissue has 


not been observed (Harvey"). 

11. Poscharissky: Ueber heteroplastiseche Knochenbildung, Beitr. z. path. Anat. 
ile. Path Ziegler’s), 1905, xxxviii, 135 
tion in Arteries, Jour. Med. Research, 


12. Harvey: Experimental Bone Forma 
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The essential part played by the calcium salts in stimulating osteo- 
genesis is further demonstrated by Barth’s** experiments on the healing 
of bone defects by implantation of dead and living bone. He found that 
living bone thus implanted always dies, and then the dead bone is 
replaced by a process of substitution, new layers of osteoid tissue invading 
and replacing layer by layer the dead bone. If the bone is dead 


sterile when implanted, or if ashed bone is used, the results are quite 


and 


the same. Calcium sulphate placed in bone cavities also favors rapid 


ossification.2® If, however, decalcified bone is similarly implanted it is 


quickly absorbed, and is replaced by fibrous tissue, without ossification 


except such growth of bone as may invade thie scar tissue from the living 
bone tissue about the margins. Stoeltzner*® has also indicated the impor- 
tance of calcium in natural ossification, not only as forming a part of 
the bone, but also in stimulating osteogenetic tissue to form bone. 
The observations cited above indicate to us the specific osteogenet 
influence exerted by deposits of calcium salts, alike whether in dead 


tissue or in cartilage which is to be ossified. But how is this influence 


exerted? It is hard to imagine that it is chemical, since the calcium 


salts concerned are most insoluble, and it does not seem probable that 
the fluids bathing them wil! contain appreciably more calcium than the 
normal body fluids, which seem to be pretty nearly saturated with cal- 
cium salts. Possibly it is a tactile stimulus—if so we might have ossifi- 
cation induced by rough mineral deposits other than calcium, but such a 
thing has never been described. In any case, in order to have ossification 
of calcific deposits, certain conditions of relationship between calcium 
salts, fibrous tissues and blood-supply evidently must be very exactly met, 
as shown by Liek’s experiments with the rabbit’s kidney, and bv his 
failure to produce ossification by the implantation of nieces of decalcified 
bone and masses of calcium phosphate or carbonate into the peritoneal 
cavity and soft tissues of rabbits.*‘ Morpurgo and Martini** also 
obtained negative results in similar experiments, On the other hand, 
even in extreme old age the senile connective tissues are still able. under 
suitable conditions, to undergo active osteogenetic metamorphosis (Bunt- 
ing). 
18. Barth: Histologische Untersuchungen iiber Knochenimplantationen, Beitr. 
z. path. Anat. u. z. allg. Path. (Ziegler’s), 1895, xvii, 65 

19. Barth: Ueber kiinstliche Erzeugung von Knochengewebe und 
Ziele der Osteoplastik, Berl. klin. Wehnschr., 1896, xxviii, 8. 

20. Stoeltzner, W.: Die zweifache Bedeutung des Caleiums fiir das Knochen 
wachstum, Arch. f. d. ges. Physiol. (Pfliiger’s), 1908, exxii, 599 

21. Barth (see Note 18) states that he found some isolated islands of voung 
bone in a piece of bone ash implanted into the peritoneal cavity of a cat six 
weeks previously, which Liek believes due to a misinterpretation of the histological 
findings 

22. Morpurgo and Martini: Atti d. R. Acead. d. fisioerit. di Siena, 1898, x, 
quoted by Sacardotti and Frattin: Virchows Arch. f. path. Anat., 1902, elxviii, 
431. 
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I PROBLEMS OF CALf CATI 
\ I i wt when taken togethe ‘ é ound I 
elief that there is ar essential dissimularit etween the processes « 
os t I il ( itlo! In eitner I element 
milar structure are in! trated wit no nic saits of i tica 
sition, and even if at first the « rea is dead, inert, and of pat 
( origin, it n t yy gradual chang transformed into tr 
Be hone Therefor t is permissib or us t onsider bot ' 
1 ; ’ ' 
esses togetner, and the ( den i] raed eltne cal ‘ pple 1 
other wit} ut slight m | ition \ eservations We R 
marize the Jblems awaiting tic nder the follow 7” 
1. Why is calcium deposited in t tissues 
2 Why is it deposited in some tissues a not in others 
3. How is t leium earried in tl | 


4 How is it held in the tissues where dep 





5. Why is the composition of calcifi dey so constant qualitative - 
quantitatively 

{ What are the eauses of rie ts and teor , 

In the first problem we must consid n the ‘ ning that 1 mam 
ry s or Oo! normal tiss is the site « cals nfiltrat t develop 
ne bone. while any tissue may become c: ed provided that its vitalit 
s re Ineed ficient ’ that it ren ns lone unabsorb Eve — 
ighly specialized structures as the ganglion e] of the brain i 
become calcified so completely that there results a periect cast of the 
original cell, dendrites, axis cylinder and al Furthermore, not all cart 

res cal and indeed only certain portion f those cartilages whicl 

eventual! to | entire] ossined re calcified at first. Why is 

it that the ribs cai » to a certain definite ling ving the tal 
cartilage uncaicilied for a long space of years only eventu: to undergo 
n oid ag final senile ealcification and ossification? Why do only 
ertain particular spots in the great mass 01 fetal cartilage become cale 
fied, one by one and 1 definite o until finally only a narrow mar- 
gin ¢ irtilage is left about « ich to rm tie oint surfaces? lr 
these cases the process seems to follow a definite « de wit in ¢ 
denosition of cal m salts this is f lowed b n ineré ise] vas wit) 
at these places. the newly formed vessels and the cells wl accompan\ 
them forcing their way into and part ibsorbing the calcified cartilas 
a new structure is now laid down in place of the re sorbed cartila 
containing the invadl! ells in the for f oste asts and bone ¢ 1 
cles; U me tissue s then infiltrated wit ca I salts and w f 
true bone [his series of processes, it will be seen, 1s exact the f 
as occurs in the ossification of pathological calcified areas, and in ¢ 
case i the deposit of calcium which is the primary sté Ther ; 
the pi lem of oss tion 1s, alte! 1 tne em of ca ficat r 
tissues, normal or pathological 
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THE CHEMICAL FIXATION THEORY 
To account for the primary deposition of calcium salts (for the 
magnesium and other bases are relatively so insignificant in amount that 


we can disregard them for the present) many hypotheses have been 


advanced, and none is simpler or older than the idea of a precipitation 
of insoluble salts of calcium because of a chemical reaction. certain acid 
radicals formed within the tissues combining with and precipitating the 


calcium contained in the blood and tissue fluids. To this idea no better 


name can be given than that used by the Germans, the Kalkfiinger 


As most of the calcium of bones is phosphate, the first idea that 
occurs 1s that phosphoric acid is the Kalh-fings r, and we have no diffi- 


ible sources of phosphoric acid. In ossification it 


culty n finding poss 
might come from autolysis of the nuclei of the cartilage cells (Grandis 
and Mainini**), or these cells might secrete soluble phosphates; in caleci- 
fication P.O, might come from the autolvsis of the nuc leoproteins and 


lecithin of the dead tissues. Such an explanation, however. has failed 


of proof. In ealeified necrotic areas there is far more inorganic phos- 
pl | acid than could possibly hye derived from the phosphorus wl ich 


was originally held there in organic combination: so, too, in ossification. 
the amount of nuclein phosphorus present in cartilage is much too small 
to a nt for the phosphates present in the bone, and the traces of 
solub inorganic phosphorus present in ossifying cartilage are not 
greater In amount than in other, non-calcifying tissues.** Furthermore, 


I have found by experiment that dead sterile pieces of tissue rich in 


nucleo-protein (thymus and spleen) do not take up caleium more rapidly 


than O Similiar pleces ¢ 


f tissue poor in phosphorus compounds (mus- 
cle**). One might, of course, imagine an active secretory formation of 
phosphoric acid by the osteoblasts, but such a process has not been demon- 


strated, and we shall later give evidence which apparently excludes this 


° 


ior t] e phosphate in the 


c acid is not the true Kalkfinger, is by double decompo- 


Another way in which we might account 
sition; any precipitated calcium salts of whatever sort present in the 


tissues being converted into the phosphate, because this is one of the 


most insoluble of calcium salts, and, according to the law of double 


decompositi n, the least soluble salt is formed when solutions of two 


salts are mixed. It is unquestionably true that other calcium salts 


within the tissues do become replaced to at least some extent by phos- 


3. Grandis and Mainini: Arch. ital. de biol., 1900. i, 73 
24. Wells and Benson: Studies on Calcification and Ossifieation, IT, Jour. Med. 
Research, 1907, xii, 15 


25. Wells Pathological Calcification, Jour. Med. Research, 1906, xiv, 491. 
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phate s wi ive f nd true for « m sul { - int nin 4 
tissues Of rabbits In \ ‘ the 1 { I l S t sa sait 
of ca! m W ( s OonlyV § cht y s ! nd { ‘ 2 wetter! 
ntaining : nd of s \ cho n (chon 
droitin-sulphurie acid) this irce « 1 poss h ( t o1 
+ ‘ t But sine m salt « chond t < 
S rit 1 s comp I LS¢ I ry? nitat ‘ . thy 
+4 nt af SO) rr nt cart = " t or ; + fz 
! ‘ ible precipit rf « ! l nd t ‘ 
quite a considerable quantit nd SO ent t { t ol 
+ ‘ ' thy tissnes to pl rT tot, . f ; 
conside! yes bilit ( Clas) i2.4 ’ / W t 18 ( 
cer na . ) ‘ mnt ( “() ( | . { 
( ! cid « ' 0a - ang ; 
1 more CQ, ] t they e 1 ( ! in 
hor ( ce thro this ictiol 
CALCIUM SOAPS 
ve } of ! , zi Ka , 
well nown f 2 ; y ( ‘ ; ; 7 t ; ; 
’ t ry! ws Y T T ‘ y c ‘ " ? ft e ? | 
Y sges. gs nN ecner na } , tint 
of caleiun : n { ne I) 
in fat tissue mmontiv form ¢ ‘ . } tion } 
vit the presence of ca < 3 } ! een « ribed ] oO 
s 1851 | ret \ ] ' 29 5 ‘ y+ ; 
( ! 1a ( ? ( ? ‘ \ f t ~ y ‘ 
ot pat cal tiss 2s W ea ‘ ’ , ‘ 
( ey ration . el ( ( | t { 
; —T ( } nfarcts. et 
It is easy ft ! , : ‘ 
] | y ry ‘ ' ; y ) ‘ 
| mposition int nre ! ( le phos} ~ te 
o. We | S Cal ( 1. J 
\led R ‘ ’ ] { ‘ } 
7. Kohlrat I i: Zt f ( ! go { 
8. Fiirstenberg \ izin f i . f r 
See Note 0 
29. Jaeckle: Uebs e 7 n f 
| ( el 102, x \ 
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{ n the degenerating tissues or brought from the blood, and the 
most plausible. We must, indeed, admit that calcification 
rmation does occur, as witness the calcification of foci of fat 
necrosis and lipomas. Hofmeister®® also states that Tanaka has found 
that en various tissues are acted on by calcium solutions, either tn 
t ( niy the tissue takes up lclum in appreciable 
vhen solutions of ca salts are injected into the perito 
eal ¢ ty t formed a certain amount of calcium soaps in the sub- 
serous fat tiss But that calei ips are formed in areas of necrot 
s one thi nd that n is the usua st step In patho- 
cical cation, is quite ano 

| : soap thesis is rtaliniv a most attractive one, and 

ne that is long interested me greatly, especially as I supposed for 
some ears that 1t was a discovery of my own, until I made a thorough 


eal of the older literature. If true it settles all questions concerning 


pathol al calcification, and leaves us with a closed chapter on this sub 


t, certainly a condition most to be desired, and so for some nine years 
[ have been endeavoring to prove that it is true, but without success. 

The first point of attack naturally consists in seeking for calcium 
soaps in areas of calcification, especially during the early stages. There 
are technical difficulties involved which make the task almost impossible, 


except in cases in which the amount of calcium soaps is large, and on 


which I need not expatiate. It is sufficient here to state that I have never 
obta ner Y neing evidence oO the resence { eal m soaps in areas 
of ca cation of manv kinds and stages. including some specimen 
r erimental and natural, in which the process was known to be 
very \ similar negative result was obtained by Baldauf*! w 
naryzer theromatous aortas W stages of the process , 
_ 5 the numerous lesions. On the other und. ti 
prey { l se trom being con Sivt ind finallv settled. T have com 
ee nd most minute traces of calcium in solutions obtained b 


imyl a t near the boiling point of ea solvent The amounts so 
obtained, however, were so extremely minute (usually 1 or 2 mg., some- 
times less, from quantities of calcified tissues containing as much as 
5 or 6 gm. of calcium and 3 to 4 gm. of fat) that it is very doubtful if 
this finding is of any significance Experiments show that mixtures of 


calcium phosphate, calcium carbonate, fats and pure proteins, when sub- 
mitted to a correspondingly vigorous extraction with the same solvents, 
mav give off to the solvents corresponding minute quantities of calcium. 
30. Hofmeister: Ueber Ablagerung und Resorption von Kalksalzen in den 
Geweben, Ergebn Physiol., 1910, ix, 429 
31. Baldauf: The Chemistry of Atheroma and Calcification, Jour. Med. Re 


search, 1906, xv, 355 


} 
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f calcium exists in the form of soaps in any calcified areas that we \ 

, mined Io be sure, t objectio1 t once esents itself that t 
5 amount of calcium soaps that 1s present at any one tim ring ca 

cation may be too small to detect by chemical ns, sinc ding t 


coing over to the inorgal ‘orm. This argument is ( rse, unanswe! 
able, if one wishes to insist on the sufficiency « nfinitesimally minute 
quantities of calcium soap and it is just this possibilit uione that pre- 


’ 

ficatiol s untenab But we idd to the mpre yriit when we cor r 
] t ¢ ] } 1] " } + + { 

tne \ la e size ¢ ne caiclum soa moiecult h caicium steara I 


molecule; hence in an area of calcification containing 1 g * ealeium 
the soap hypothesis demands that 15 gm. of calcium soap shall have been 
formed during the process of calcificatior On this basis the nount 
present at any one time in an area of rapid calcification should be eas 
+ detected unless the rate of change of soap int phate and carbonate 
s much more rapid than we have any right to believe it can be. To take 
cific example, I have analyzed a crum ¢ cha ilcified thrombus 
which was formed a result of an « usion of the jugular velr y 
pressure from 1 l owing cancer lymph-glands From the 
ste of the case it Is imp! e that this thrombus was over two 
months old, but to bi eral let us assume that it was 100 davs old and 
that calcification had begun as soon as the thrombus was formed, instea 
of some days or weeks later, as is more prob the case. In this t 
bus was nd 0.730 n. of ca 1 | : | down t 
passing through a sta soap format t must have beer told 
t 1] of cal m soaps forme Now ve assume that only the 
amount of calcium soap formed on a single d was present at ar mn 
time (whic! tainly re sents a very rapid rate f this sort of che 
4 il transformation to take place in so avascular an area as 


“ \ } 1.3 
’ , me. of ¢ ! \evert ess analysis < this ( ~ elded 
Tire } nd s are) 1 Ke tT ( ( ( T » s ! T 

‘ } 
welche = pro ) =< n } ? nd « ? + 2 } — ' 
1 , 4 1 7 4 
° To he asc! eq, To fT solup | yt T nic ¢ ~ ts nt 
; 
T no 1 sim T OT eV den L ¢ ( Im soans ind also si y That 
, } ) 
the ¢ ce1un is § = TD sent as nnost T and ¢ i T tive same 
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{ 


But even if calcium soaps are formed in a calcifying tissue, is it 


certain that the calcium so precipitated in the dead area would remain 


and be changed to phosphate and carbonate? In favor of this view we 
may reter to Jaeckle’s caleify ng poma, which contained, besides the 
29.5 per cent. of calcium as soaps, much carbonate (28.61 per cent.) and 
phosphate (41.80 per cent.) of calcium, according to his analysis; this 


we may interpret as an lilustration of incomplete transformation of e¢al- 


cium soap into carbonate and phosphate | have performed a number 
of experiments (elsewhere described** **) to determine whether sodium 
soaps can become transformed within the body into calcium soaps and, 
if so, whether the calcium soaps are then replaced by calcium phosphate 
and carbonate. To simulate as clos as possible the conditions existing 


in caicifying tissues, in which the salts concerned are contained in an 


avascular mass of colloids, the soaps were imbedded in solidified agar 
jelly and implanted in the peritoneal cavity of rabbits. It was found 
that under these conditions a considerable proportion (30 to 40 per cent.) 
of the soap does become combined with calcium, and that a very smal] 
amount of inorganic salts of calcium (from 1 to 2 per cent.) appears. A 
strange feature of this process is that the same proportion of inorganic 
cealelu obtained whether the soaps have been implanted but a few 
days or several months, suggesting that possibly an equilibrium is here 
established. When calcium soaps are implanted the end results are 
much the same, the greater part of the soaps disappearing and a very 


small amount (from 1 to 2 per cent.) of carbonate and phosphate remain- 


ing, the two latter being always in the same ratio to each other as in 


sodium soaps do to some extent become changed into calcium soaps. but 
we are unable to consider the evidence clear as to whether the new-formed 
caicium soaps do or do not become changed into phosphate and carbon- 
ate. While these two inorganic salts are alwavs found present in such 


implanted materials, yet the amount is so small that its presence micht 


mass of soap and agar by calcium from the blood, irrespective of any 


reaction with the soaps. Speaking most strongly against the soap hvnoth 


, 


esis, however, is the finding that most of the caleium whi 
as soaps is absorbed, instead of being replaced by inorganic salts. This 


agrees entirely with my experiments on fat necrosis** in which it was 


32. Possibly one may consider s examples of a similar process the Fettae 
webesteine described by O. M. Chiari (Ueber die herdweise Verkalkung und Ver 
knocherung des subkutiinen Fettgewebessteine, Ztschr. f. Heilk., 1908. xxviii 
Suppl. 1), which are found in the subcutaneous tissue of the lower extremities 


following arterial occlusion, but unfortunately chemical studies of this material 
have not been made 
33. Wells: Experimental Fat Necrosis, Jour, Med. Research, 1903, ix, 70. 
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mental fat necrosis, complete healing and reabsorption may again take 
; ] + ; ] 
place in a few days or weeks. In other words, although fatty acids may 
cause calcium to be precipitated, vet they do not ola the Cal n perma 
nently in the tissues either as soaps or as iInorga? compounds « 
clu his is presumab to be explained the ) \ 
yp , 
Hofmeister that the colloids of blood-serum enable it to 
pa ologica caleificat n S not alwavs preceded Db tt { nerat n 
and, rthermore, if ca im soaps act catalytically, as has | ) ma 
taines ca tion § ( 1 most Commo! Lt not ersal « 
rence since it is as soaps that fatty acids transported, and soay ( 
ortel L J 1 ivs present in the tf f { t ca tion ft 
place 
by Klotz,*® largely on a basis of mic1 nical evidence s consisted 
{} } f é 
chi n findin n calcifying areas granules stainin ! : f \ 
with Sudan III, which Klotz states distinguishes them as soaps becaus« 
neutral fat stains olde ni d By staining wit \ \Ossa s SIILV I { 
stain tor ca uln salts, granules staining Dia were toun in tl Sain 
. 
’ , . 
ocation as the rranules wi ch stain ‘ owls nil wit ~ n II] 
and hence Klotz considered that this “suggests strongly that we a 
dealing with a deposit of calcium soap. Unfortunate for this doctrin« 
eal I soaps have | en shown by Ba la not to stain t ! 
Sudan IIT,** and in the second place in von Nossa’s silver nitrate met 3 
the silve eacts with phosphoric a and t with caleiu e the 
results of these observations mer show that inso ites are 
present in the earliest stages of cal eation, and do not ¢ ! ‘ el 
W iteVve that cal i! soaps or any ot] I kinds of S0aps re present ar | 
demonstrable by mic emical meas s, We can. ind : 
to ¢ I nm micro nil i! evidence oO ( ile ato! chem } nroce | es 
a na ng; ! al ses show that ll Cak m soaps are preset! it 
all in ca ng tissues, they can represent 1 over one-thv indt f 
— 35. Klot studies on Ca ireous Degeneratior Jour Exper Mi 1905. vy 
633. 

36. Baldauf, Leon K.: An Investigation of the Nature of Proteid-Soap Con 
pounds and of the Staining of Pure Fats and Lipoids by Scharlach R and Sudan 
I1T, Jour. Am. Med. Assn., 1907, xlix, 642 

37. To quote from Baldauf, “Neither calcium nor sodium soaps, palmitic nor 
stearic acids, will at room temperature take the stain with Sudan III or Scharlach 
R, hence the material staining by these substances, which Klotz described as 
occurring at certain stages of caleareous degeneration, cannot be any of these 
compounds. In all probability it is a mixture of oleic acid, triolein and lecithin.” 
Aschoff [Zur Morphologie der lipoiden Substanzen, Zeitr. z. path. Anat. u. z. allg 
Path. (Ziegler’s), 1909, xlvii, 1] also takes exception to the supposed differentia 
tion of soaps by Sudan III 
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With which it 
his wol whi 
so open to T 
) support f 

ew the lite 
esti shing the 
it s] ld pe es 
velieve that the 


38. Askanazy Beitr 


1901; quoted by Hofmeister; see Note 30) in 1901 collected reports of twenty-one 


} 


cases, to whi« 


Hofmeis 


the calcium soap thesis. Hofmeist 

t ( ition, also ises to a t 
ca soap theory of calcificatior 
1 mentioned is that there is no re 

Io! tion « normal bone from cartilag 
of soap formation, hence the acceptance of 
us to irate sharply ossification and calci- 

eV ne ma ates the unit ot these twa 
e can say that while ther s some reas 
to support t lea that fatty acids formed 


where it may later undergo transformation into carbonate 
et that this is the ordinary process by which calcificatior 
I Other considerations, to be expressed later, mak« 
ab 
tty acids, few other organic Kalkfanger have been suggested 
ns with a specifi ffinity for calcium, or products of pro 
s as moses, have been thou of, but no oof 
( is beer orward, nor has their existence bee! 
ssible method « tion of ca salts would b 
a linization of t degenerating tissues 1ich might 
and dicalciun sphates and bicarbonate of calcium to 
nto the less le bas ilts and pre tat from th 
inge in reaction can be a sufficient cause for precipita- 
salts from tl od into normal tissues, is made probabl 
| tvpe of calcification which was first described by Virchow 
“metastat caicifieation 
METASTATIC CALCIFICATION 
nd calcium salts deposited throughout the body in what 
rfectly normal tissues, but especially in the lungs, the kid- 


Of the twenty-nine cases recorded in the 


mucosa. 
t four there was demonstrated some extensive 
ge zur Knochenpathologie, Festschr. f. Jaffe, Brunswick, 


ter 


Note 30) added two more. In addition to these 











H. GIDEON WELLS 737 


: ‘ cPasc ‘ ti pones sul rting t ass t ’ ma hy 
\ v that tl rimarv cause of the disease is an ov oading of the 
: od \ calcium salts. Recent experimental work by Hofmeister and 
’ | ‘ aves no question that this assumption Is ce ect, for thev found 
- 
t poss to cause extensive and typi metastatic ca cation ntra 
‘ tone ecto! ot so ble ( I saits into rabbits.* T tact 
cle sition of « Clum ta Ss 7 ce most otten int S three tis 
sues (lungs, stomach and kidnevs), where otherwise calcification is not 
( St ndependent < local lesions, suc as tubercles, thromb 
¢ ] nihinas e+ } ] ’ ] 7h } 
( : I ia sloniicance I is is been pointed out eisewhnere 
\ , s \ +} rN | f 
\s Wells’) in these ft ee TISS Ss we ive the three < { 
} n the ( vhere acids are « reted In the lungs we have bicar- 
t viving CO, and passing on in t blood as carbonates; in th 


ti HC] is excreted, and in the kidneys acid phosphates are excreted 


tion which leaves basic phosphates and carbonates in the blood 


of the calcium deposits and tl cld-excretion function of the tissues 
le ives ttie or no OT Lé aoubdt that the precipitation of calcium o lls 
n 4 ie matent laif cm Y —_ ie. 

l s ( ( etastatl Ca cat ecaust cal l Salts a 
I have noted cases reported by Hedinger (Ueber Verkalkung der Leber, Corrs! 
f. Schweiz. Aerzte, 1909, xxxix, 833), Pari (Ueber einen Fall von Kalkinkrustati 


der Lungen mit Fragmentation der elastischen Fasern, Virchows Arch. f. path 
Anat.. 1910. ec, 199). Versé Ueber au lehnte Verkalkungen der Lungen, Ver 








handl. d. Deutsch. path. Gesellsch 1910, xiv 281), Jadassohn Ueber |] 
metastasen in der Haut, Arch. f. Dermat., 1910, ¢, 317), Lazarus and Davidso 
Hirnhautsarkom mi hlreichen Kalkmetastasen im Herzen, Ztschr. f. kli 
Med 1906. Ix, 314), and Tschistowitsch an Kolessnikoff Multiples diffu 
Myel mit reichlichen Metastasen in die Lungen und andere Orgar Virchow 
Arch. f. pat Anat., 1904, exevii, 112 This does not include the remarkable 
eases ol ed su utaneous calcification of u nown ¢ ’ ‘ ntiv dis 
cuss t Lher1 tte La ca iInose vend Lilsé et as 1 mes itomiques inter 
stit e ¢ ¢ cutan¢ Ser méd 191V, 553 
} In many cases nephritis also exists, which Hedinger (see Note 38) believes 
nay | ‘* or t nterfering with leium « tior However I norn 
most 1iclum excret it f la thi g the b el, it ms impr ible 
that diseas the dine can have mut ! e on t! ri ‘ n onter f 
a the p ough Erber t , che Puan ‘ _ s Blut 
rE. 1 M 1903 j did fir ed a nt ‘ iu 
the | } j 
+0 1 Case ll pa t é nt tions 
been ( 1 by Ave ! Hazen (¢ of Breast Following a 
lypl l scess, Jou Exper. Me 190 l A ty] patient was gi ! 
uri eleven LV ol t of nor ’ 132 m. calcium tat 
mout ! > OF calelum orl isa su tan Ss injection At the t of 
the latter ther veloped an abscess n the n yins of which some ivs tter 
war deposition of calcium salts took place, later becoming absorbed under a 
diet free from carbohydrates. The form in hich the caleiur vas held was 1 


determined, beyond noting that it dissolved in HCl] without effervescence 
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slightly less soluble in the more alkaline fluids present in these tissues.* 


The histological findings in the calcified areas of the stomach are remark- 


ably conclusive as to this point for, as Hofmeister points out, the calcium 
leposits are limited to the interglandular tissue about the upper portion 
of the glands of the fundus—in other words, exactly corresponding to the 
location of the parietal cells which are (as the observations of Mabel 
Fitzgerald*? show finally) the cells which secrete the hydrochloric acid. 
In some cases of bone absorption we also find wide-spread calcium 
deposits in the walls of the heart, arteries and capillaries, independent 
of degenerative changes in the tissues of these vessels; thus Lazarus and 
Davidsohn** described extensive internal calcification of the left auricle, 


which is expressly noted to have come from the blood within the auricle, 


ind not from the vessels of the heart wall; Versé** found, in a case of 


leukemia, deposits in the lungs, pulmonary veins, and most extensive! 
beneath the endocardium of the left side of the heart; Jadassohn** 


observed deposits in the left auricle in a case of myocarditis, and 
ner*® in a case of rarefying osteitis noted generalized arterial deposits in 


and on the intima, without deposits present in the media or in the vein 


walls. In these cases the explanation is somewhat similar to that given 
above for the visceral deposits, for here, it will be noted, the calcification 
has taken place in the walls of those vessels whose contents have the 
gy st amount of CO In other words, the carrying of calcium salts 
by the ood is, at least in the cases of excessive bone absorption, largely 


lependent on the carbon dioxid of the blood. Whether this is the norn al 


or not will be considered later. In this place we are concerned 


‘ t question of whether a similar process of alkalinization takes 
ca ing and ossifying tissues, to cause precipitation in them of 
( salts brought in the tissue fluids. One can readily imagine that 
ammonia set free during autolysis in necrotic areas might cause such 


an alkaline reaction, but the evidence which we have speaks rather for the 


f acids in such areas. Not only are a 


$1. There seem to have been no quantitative analyses made of the deposits in 
metastatic calcification. Pari (see Note 38) could find no P.O, by microchemical 
methods. Jadassohn (see Note 38) found both carbonate and phosphate in the 
skin metastases of his case. Hofmeister in experimental metastatic calcification 


found calcium phosphate and a little carbonate, no matter what salt had been 


in ted Hedinger see Note 38 in calcified areas in the liver found P,O,, 
but observed no effervescence on addition of acid. Versé (see Note 38) found in 
his ease both carbonate and phospl ite I'schistowitsch and Kolessnikoff (see 


Note 38) found the ash of the lungs, kidneys and aorta in their case to contain 
increased amounts of Ca and P,O,, but no analysis of isolated calcific 
material was made 

$2. Fitzgerald, Mabel: The Origin of Hydrochloric Acid in Gastric Tubules, 
Proc. Roy. Soe. London, 1910, Ixxxii, 346 
$3. Kiittner: Ein Fall von Kalkmetastase, Virchows Arch. f. path. Anat., 


1872, lv, 521 














’ . } 1 
} f , 1 Ay a1 ; f 44 bate 
osed to | lormed during autolysis of tiss S r ’ t in 
! ] ] . in fa . fF +} . w ¢ ; . ‘ 4 . 
toiogical evidence 18 1n favor Or the view that cineca eS Nin 


id tissues. In the first place cartilage, which is the favorite site of 


’ , . : 
m deposition, takes on a Dasic stalin, Implving that it ot an i | 


n fails to assume this basophilic characté In areas of calcification 
removal of t ilcium salts vw also find that tft nd 

haha - on poene heseuitite Jitheneinen smecmmens? } 
substance shows the same basophilic (therefore presu ly acid) char 


I 


Finally, Schmidt*® has noted that iron pigment present in splenic 


farcts is rapidly removed does not explain this t as n salts 
iniformly insoluble in alkalies and soluble in verv weak acids. we 
. 3 . 


consider this fact to be a natural experiment indicating the dev ) 


of acids in necrotic infarcted areas, which are so prone to ecalcify 


well-known tendency of muscle fibers to ealecify in the vicinity of 
t wounds may perhaps also be placed in this category, since there 
evidence of an accumulation of lactic acid in injured musc! 
‘6 and this might be neutralized in part by caleium from tl} | 
v case we here again nd calcificat n ta ng place I wid rather 
n alkaline tissues 
We must conclude, therefore, that while in conditions of oversatura 
f the blood with calcium salts, either from bone absorption o1 
mental injection, the presence of a local alkalinity , perhay 


Ss, may determine the depos on ¢ ca 1] n otherwise no al 
res vet if not wi | ible t} if Su eaction 18 resnons yl 
’ ’ 
ordina ir finn « ( m In ossliiving cart la e OT n necroti 
1 r r r ‘ 
y must a vever, tha n 2 case also ti ne t ’ 
} y ? } } , 
evidence is not absolute conclusive iT we cannot eave out 
rations the poss litv that lo ( noe n tissue react 
! ( n denosit Esrn ’ this reservation ne sc9 Re 
! . 
{ ndant evi nee t it 1 oO I nee I norma ma 
ton a : nm ler . ~ 4 ' + af 
t} dene 3 1) ‘ ‘ sure on the a UT ( eal 
} 
t the Ani st ( clu deve t 
j ? ’ y ] + 
eoporosis. and oung a pseu Exnerimer ' n 
, 2 ’ ] , ; 
s ivored 1 ca diet or inj . 
The inves itions of Ja n, Wol ' nd Sa The Rate \ . 
Appearance of Gass ind Acids ji Aut« sis of So-( St } 
f the Dog, Jour. Med. Research, 1909, xxi, 281) have opened t ‘ 
v much of t it rved in s ed asept 1utolvsis ’ , 
» unre nized ar ! bacteria, and how much upon the au I 
Schmidt M B Leber Schwi d s FKisens r de \I , Ve ] 
1. path. Gesellsch 1908. xii. 271 
Wells: The Pathogenesis of Waxy D ! th of Striated M le Je 
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S { l.ossa** ) Rabbits are the most favorabl nhimais tor use ll 
stu experimental cal cation because « the | h calcium content 

I ( but 1 the re fed on a ¢a um-poor diet, ca heation o 
tl f not follow epine n injections (Loeper and Boveri**) 
I n experimental at | a il reg! [ ITs Whose 

lcium supply is being utilized by the fet Therefore it is evident that b 
both normal and pathological calcification are dependent at least to some 
ext on the amount of calcium i e blood, which brings us to t 
: nditions of the solut of caleium bv the blood 

I SOLUTION OF CAL M I riliE BLOOD 
| ve have present the n ous conditio! ca m 
f] containing carbo! s, phosphates, and sul tes, ar 


corpuscies contain ! preciable amount of ca 
n the serum, the amount of CaO varyu hut little in mar 
mais,” eing trom 0.0110 to 0.0151 per cent. Birds’ blood contains 
: 007 to 0.02 per cent. of CaO (H +) Vater will ld it 
t about 0.0079 per cent. of tri-calcium phosphate, the form « 
rn sphate which is assumed to be present in the blood, becaus \ 
irbonate t contall therefore tri-caleium phosy ite : 
nol ( tained in the blood of vario mammals in two to four t g 
8 ) unt as it can? he } < ”) n water To account 
for this ! non we have at least two possible agencies, the colloids 
I t (0) It well-known property o ; de 4 een ot! _—- 
stances in solution or it pension, and the property varies 
t t fferent colloids, w] fact is taken advantage of 
St t characteristics of colloids b determination of the ( j 
This Gold refers to the number of milligrams of an emulsion colloid 
(s the proteins) which is required to prevent precipitation of a 
t t spension co ( da dl ) standard quantit 
] 
( = J tain the solution ¢ Vsti oids in ( following ’ 1)- 
i ition containing talloids h are in solution, and 


| loid water. Ins two-phase systems t of the crysta 
anmbenta® ab te weal e colloid ticles where the tv 
: ; 
pha t, and held here in hi concentration than ewhere. (Con ‘ 
28 
~ \ eT T ~t = re ( ) ! a ts v3) ervstall : 





*s 1901. xxix. 163 


18 per and Boveri: La chaun « *s artéres, Press 











esmare G+ 








i GIDEON 
s able to ta p st more bet 
tot ymount of stalloid diss d 
vreater tha the amount that can bt 
water 
\ r possibility is the presen¢ 
e blood, but the fact that all the 
e blood by ammonium oxala 
sive evidence that the ca l ] 
n ound Furthermor 
n { ecaleiur sll 1 olut 
: sion, and the same Is O ) 
- e the olution and pl ta 
| case of colloidal solut f 
I } constk rat I 
l success in the related fiel 
* ind Sama ive st ed 
oT, ? ! contrast t 
rf tl! Snown ll ‘| l 
ARLE 1 LITY 
{ SU), } 
( PO 0 
ico 
SO 
Uri \c 0 
| este! found " C 
} e react in an alkaline horse-s 
nee tion of new!l rrmed_ tri-ca 
s e to ten ti Ss great t 
sent in normal horse-serum 
We may therefore assume that t 
1¢ nt, at ieast n part lor t 
salts in solution. If all the calcium « 
phate and carbonate, the degree of s 
ound for these salts in serum not 
0 t for the amount of cal 
about 0.15 per cent { { oO 
lcod of rabbits. The 0.014 } ( 
A Se ‘ Beit riige 1 Kor ‘ 
1909, Ivi, 3; Zur Ens er Har 
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51. Pauli and Sama Lisl eits 
kirper, Biochem. Zt 1909 35 


ed 
nt.. 
red 

ed 

ht 
the 





THE iRCHIVES ’ INTERNAL MEDICINI 





Boggs®* would, if in the form of tri-caleium phosphate, amount to about 
0.026 per cent., which is a little more than the amount of this salt (0.021 
per cent.) which Pauli and Samec found soluble in dialyzed serum free 


from CO, and salts. We need, therefore, to consider the influence of 
CO., which is known to be capable of dissolving calcium, even as it exists 
in bone, converting it into the relatively soluble acid calcium carbonate 

| at the same time causing the formation of the mono- and di-calcium 
phosphates, both of which are more soluble than the tri calcium phos- 


» which accomplishes the 


phate. It is, indeed, probable that it is the CO, 


resorption of dead bone in the living body, and perhaps also the normal 


! rption of bone in the various conditions in which this process takes 
place. It was long ago demonstrated by Maly and Donath that CO. in 


solution will dissolve calcium from pieces of bone and that NaHCO, will 
not dissolve it, and Hofmeister and Tanaka*® have studied quantitatively 


this solubility in vitro and in vivo, finding that pieces of ivory are 
i} most rapidly in tissues whose metabolism is the most active and 
where, by inference, there is the most CO, production. The influence 


of CO, on the solution of calcium salts has been studied most extensively 
by Barillé** who concludes that calcium is carried in the blood in the 
form of a definite compound, a carbon-phosphate of calcium. This author 
finds that 1 liter of water saturated with CO, at 10 kg. pressure can dis- 
orms a solution of an 


0.925 om. of tri-cal jum pli sphate, W ch 


CaePoOg 1HiL.cCoO HO P.O Call "CO (COM) Ca 


If this solution is evaporated to dryness the salt decomposes, yielding 
0.975 gm. of precipitate, which consists of 0.709 gm. CaHPO, and of 
0.260 gm. CaCO,. Only those bases which form bicarbonates (namely 
K, Na, NH,, Ca, Mg and Ba) can form carbon-phosphates, all of which 
are unstable and decompose to form a biphosphate and a bicarbonate. 
Phosphates of other bases form simple solutions in CO, and water. 


Barillé believes that these six bases, or rather the first five, which are 


! constituents of the body, all exist in the blood in the form of the 
tes, and when the CO civen off, or neutralized by other 

| the n of carbonate nad } Ss] t is ipitated If the 

] { 1 takes place in a l ili rr im or in one wit acid-neu 


52. Boggs: Variations in the Calcium Content of the Blood Following Thera- 
peutic Measures, Johns Hopkins Hosp. Bull., 1908, xix, 201. 


52. Bunge Kochsalzgehalt des Knorpels und das biogenetische Grundsatz, 
Ztschr. f. physiol. Chem., 1899, xxviii, 452 
53. According to Morpurgo and Satta (Sur quelques particularités de l’auto- 


Iwac Arch. ital. de biol., 1908, xlix, 380) calcium may be dissolved from bone 


tissue during autolysis of bone, but by what process they do not determine 
54. Barillé: Carbonphosphates tricaleique, Jour. de pharm. et chim., Jan. 1 


to March 16, 1904, series 6; 1910, series 7, i, 342, 377 
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tralizing properties, such as the blood, the phosphate comes down as the 
tricalcium phosphate, as in bones, intestinal concretions, atheromatous 


vessels, etc.; if in an acid medium, as in normal urine, we have the 


dicaleic phosphate. Analyses of different sorts of calcific deposits give 
results agreeing with this. Now if we recur to Hofmeister’s studies of 


the precipitation of calcium when dissolved to excess in the body fluids 
or to the phenomena of metastatic cal 


cification, especially such cases as 


those of Versé, Jadassohn and Kiittner, where we have precipitati 


] 


| ls containing the least CO... we 


calcium in and on the intima of the vess¢ 
find much support for this hypothesis of Barillé’s. Furthermore, there 
is the well-known fact that, no matter how sclerotic the walls of the veins 
leify so long as there is venous 


may become, they rarely, if ever, ca 


rich in CO, flowing through them. As soon as they are occluded, how- 


ever, calcification occurs readily enough (e. g.. phleboliths). We mav 
consider that the solution of calcium in the blood is as the carbon-phos 
phate, in part or in whole, and that under ordinary conditions the pr 


} } } 


cipitation of calcium is prevented by the colloids, no matter 


iletely the CO, is removed from the blood, for. as Hofmeister’s experi- 
| 2 


ments as well as general experience shows, a watery solution of colloids 
can maintain a much higher percentage of a crystalloid in solution in the 
presence of precipitants than it can dissolve from masses of the pre 

tated salt; e. g. Hofmeister found that when calcium phosphate was 


precipitated in serum there was no precipitate until the concentration 


reached 0.15 per cent., while Pauli and Samee had found that serum dis- 


solves but 0.023 per cent., one-seventh as much, of solid tricalcium phos 
phate Only in such extreme conditions of oversaturation of the blood 
with calcium as occurs after experimental injection of calcium salts, or 
rarely when great quantities of bone are being rapidly absorbed by tumors 
and other active disease processes, does it become impossible for the blood 


to hold in solution the carbon-phosphate, which is then precipitated, esp 


cially in those pl: 


ices where the CO, is given off (the lungs) or neutra 
ized by acid excretion (stomach and kidneys) or where the CO,-rich and 
colloid-poor lymph gives up its CO, to the arterial blood (the intima of 


the arteries). This hypothesis receives further support when we con 


{ 


sider that tricalcium carbon phosphate was found by Barillé to be decom- 


posed on evaporation of its aqueous solution into seventy-seven parts of 
dicalcium phosphate and twenty-three parts of calcium carbonat now 
in potentially alkaline solutions, such as t sue fluids, the dicalcium 
phosphate would go over to the tricalcium phosphate, and from seventy 
seven parts of dicalcium phosphate would be formed 87.7 parts of the 
tricalcium salt, or exactly the proportion of caleium phosphate which all 


my analyses have shown to prevail in bone and calcified tissues. It mav 
also be mentioned that Hofmeister and Tanaka found that in experi- 


mental metastatic calcification, no matter what soluble salt of caleium 
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they had injected, the deposits always consisted “aus Ca phosphat ’ 
mit wenig Calciumearbonat.” } 
] E RELATION OF THE COMPOSITION OF CALCIUM SALTS IN my AND 
risst 
It is yey nfortunate that « is 1 ( i : 
edb 
ept s sy ng from appreciating t constan nd ent - 
n < ( norma al | nat aica lepo ts of ¢a m Ww the 


take into account, however, the conditio1 circulation in t \ 
at once find that it would not be pos e for anything except a 
constant and identical composition of bone and calcifi t f epos 
to exist for al ength time. The same blood whi tur! 
calcium salts to the calcifying tissues is also passing ar repassing 
through great areas of capillaries within the bone-tissue, where are p1 
ent large quantities of calcium phosphate and carbonate that 
proportion w is practically constant, not o1 t 
e al t also for the bones of all mamma 
een investigated. In both the normal and _ patho t 
lcium is being given off to or taken up from the surround fluids 


- 
iccording to the laws of solution tension and of chemical ar moti : 
equilibrium, and therefore no matter what the composition the 


logical deposit may have been originally, there can be no question that 


eventually it will become the same as that of the bone: } , 
ertail the caleium salts are d ted mm the | t 
precipitate cannot fi the beginnin e vi differet t it 


is in the calcium storehouse, the bones. Direct experiments mad 


J. H. Mitchell and mvself** have shown that mixtures of hos 


phate and sodium carbonate, and of sodium phosphate and m car 


hbonate, when shaken together for some time come t n « rinm 
Ww =» « the san n eithe cast I can mm } ? ) 
phate being present in the precipitate and in t ng to 


Likewise when we implanted masses of calciu) irbon 


' ' 4 
im phosphate into animals we found that in time phosphate is taken u | 





I the ¢ nate ind car nate | the pl phate (s | if 
even in s nnatural and extren l ndition as this art nta 
tion, in d time we should undoubtedly have present t : the 

me pl t as in the normal bones. Hofmeister and Tanaka*’ have 
independent tained corroborative results. 


In pathological calcification the deposit is from the first (except in 


the case of calcifving fat tissue), undoubtedly a mixture of carbonate and 


phosphate in nearly or quite the standard proportions. That the compo 
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" PABLI RESULTS OF IMPLANTATION OF CAL SALTS 
\ Salt D = ( PO CalO ' 
In inted Bef | ’ I nic 
R | CaS Ca Salt 
Pereent | , 
Ss 8.8 
Caleium sulphat: ) 160 >. A 
/ r ii , —~ s 
> } 2 
( ) ) 
Caleium < l $ ) 
i 200 & rT 
Calcium phosphate 190 ‘LS s 
{ 0) 3 7 
sitio! the bon sell 1s constant we st asc e, not t : 
mbination ol ! ol Ca n magnesiun P.O, and CO, vy I 
troma, Dut tft t relative solubility « these salts in the blood-st 
In support ot t S lea ma be ( ted the experiments ol Hofme 
lana who found that if Ca,(PO,), was acted on 
4 ( as ition composed, in Imitation ot the blood, ot UY pe! ent 
Nal 0.1 per ¢ Na.CO nd 0.1 per cent. NaHCo.. 1 nt ; 
ntained 85.2 per cer ca yhos ty 12.75 per 

T tion of alkali was used the ratio of p { nate 
( ange . ec 7 re l } ne the a utIONn T I ‘ l? ( | nat 
precipitate. Just as the blood is of nearly constant. vet incessant 
ing composition, so too t bone ilts va within very na 

ts. as thre ! iid down or take? accord to the re i] ! 
nresent in t blood, not only of calcium salt ut also of CO 
] and { t salts } f } fj ty con toy t 
as, ana ¢ ( ‘ ts, ear 0 W ( om t 1e ¢ 
bilitv of the calcium salts For example e mav great] nod 
mposition oft the bone Dy feeding food ca ! ! 
magnesium and strontiu substituting ft er t 
considerable proportion of the ecaleiur nd = we now 
im ma e withdrawn to a large extent to neutralize acids in acid 
experiment l or nat ological or to meet dra ont wes Trom pane! 
tic and biliary fistulae (Babkin,®® Loos S ‘4 verse ( 

T 5. Stoelt T Tle ene Leber len Finflu n str t mvert té ne f ‘ 
oe) isxche Zusammenset n es war nden Kno ne | he Zt hy POURS 
xii. 110 

4 | neradt Jur Fr ¢ r Substitut " Ka ms im Kye , 
urch St tium. Beit! pat Anat. u ' Pat 7 < Th) 
168 1909, xIiwil, 215 

57. However hens are unable t substitute n ! ive ‘ trontiu f 
ealeiun their shells S Not ] 

8. Babkir Material zur experimentellen Pat! ‘ ] ‘ 
Zentralbl. f. Stoffwechsel, 1910, xi, 561 

59. Looser: Ueber Kochenveranderungen bei chronischen Fisteln ! sen 
Verdauungsdriisen, Verhandl. d. deutsch. path. Ges | 1907 i, 291 

60. Seidel: Permanente Gallenfistel ur Osteoporose beim Mer he \J 
med. Wehnsehr 1910. lwii. 2034 
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introduction of calcium can lead to a certain amount of deposition of 


calcium in the bones (Goitein®’), although most of the excess is excreted 


Ca phospl 
I | 


in the urine 


t 


i 


] 


It has 


nosphate 
he 


and feces. 


found that there is a regular increase in the ratio of 
Wildt®? gives 


been 


to carbonate in the bones with advancing vears, 


TABLE 3 ASH OF 


figures of Table 3 for the ash of 


RABBITS’ 


At Birth 


ate 86.04 


rabbits’ bone at different 


ages. 


BoNES AT DIFFERENT AGES 


1 Mo. 6 Mo. 1 Yr. 


’ 85.87 84.47 82.45 $2.25 
Ca carbonate 8.30 9.09 11.23 12.98 12.86 
Mg phosphate 3.01 2.66 2.29 1.99 1.81 


Gabri | 64 the 
ash (by the g 


piycerin method ) of bones of different Ve rtebrates, 


rABLE 4 PHO 


Similar re 


sults have 


PENTOXID 


been 0] 


‘tained by Graffenberger®* and by 


atter of whom also notes slight constant differences in the 


as follows: 


SPHORUS aNp Catctum D1oxip IN BoNneES OF MAN, 
THE OX AND THE GOOSI 
Human Ox Goose 
P.O 36.65 37.46 38.19 
i) 5.86 5.06 t.11 
Lota $2.51 42.52 42.30 


These regular variations in 


Tt} 
Lic 


proportion of cal 


ium carbonate and 


phosphate present in normal bones of different ages and species, dispose 
entirely of the hypothesis of Hoppe-Seyler that there is in bones a com- 
plex chemical compound of calcium phosphate carbonate of definite com- 
osition. 


It is probable that we shall find these variations in the salts of bone 
to be dependent on differences in the composition of the blood which 
affect its solvent power for calcium salts. In osteomalacia, the calcium 
is taken out of the bones in the same ratio of phosphate and carbonate 
as it there exists (Levy®*), fully supporting the hypothesis that the salts 
exist in the bones according to the laws of solubility. 

61. Goitei Ueber den Einfluss verschiedener Ca- und Meg-Zufuhr auf den 
I’msatz und die Menge dieser Stoffe im tierischen Organismus, Arch. f. d. ges. 


Physiol Pfliiger’s 
Altersstufen, 


hohen Alter 


un 


62. Wildt: Zusammensetzung 
Landwirtschaftliche 
6 


Graffenberger Ueber die 


sstufen, 


1906, exv, 118 


es Kr 


Versuc 
Zusammensetzung 
Landwirtschaftliche 


Kaninchens in 
104. 


iochen des verschiedenen 


hsstationen, 1872, xv, 


der Kaninchenknochen im 


Versuchsstationen, 1891, xxxix, 115. 


64. Gabriel: Chemische Untersuchungen tiber die Mineralstoffe der Knochen 
| Ziihne, Ztschr. f. physiol. Chem., 1893, xviii, 257. 
65. Lev Chemische Untersuchungen tiber osteomalacische Knochen, Ztschr. 


physiol. Chem., 1894, xix, 239 
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rHE PHYSICAL CHEMISTRY OF CALCIFICATION 


Granting that the work of Hofmeister, Pauli, Barillé and others has 


given us some rational understanding of how the calcium is carried in 


the blood and why the composition of the deposits of calcium is constantly 
what it is, yet we have been unable so far to explain why the deposition 
of calcium salts occurs in the places where it does occur. I have failed 
as Pfaundler had before, to find any chemical substance in these places 


which will account for the deposition of cal 


- 
= 


hand indicates that the calcium is carried in and precipitated from the 
blood as a mixture of phosphate and carbonate, hence rendering unwar 
ranted any hypothesis of a primary chemical combination of the calcium 
of the blood with any tissue element. Only in metastatic calcification 
have we secured evidence of chemical processes which can account for 
the calcium precipitation. Theref 


side we naturally turn to the physical aspects, and here we obtain some 


ore, finding no clue on the chemical 


interesting evidence. The first systematically to consider this possibility 


seems to have been Pfaundler,®* who based his work on the earlier obser- 


vations of Hofmeister and Spiro, that disks of gelatin placed in solution 


on ) o grionse ~vetal] ] are ahle to ahenr ma ] { Als neem © 
containing vVvariou erystalioiags are abl to absorb some and not others: 
that is, colloids exert a specific absorption § affinity or ervstalloids 
*faundler observed that cartilage immersed in solutions of caleium chlo 
ic] a] ’ } a | his hloriy noe tiy ; ™. ] 

rid takes up more calcium than chlorin, suggesting to him the existence 


of a specific ion affinity. Other tissues were also found to exhibit a 
similar but less marked affinity for calcium. However, many of th 
resulis obtained by Pfaundler were based on a miscaleulation.*? and 1 
ave been unable to secure any positive evidence that there is any marked 


aflinity of cartilage in vitro for calcium ions, although it is probable that 


cartilage does absorb calcium salts to some extent, just as it and many 
othe r colloids absorb many differs nt ervstalle Is: e. g.. cartilage absorbs 
uric acid (Almagia,®* Brugsch and Citron®). Pfaundler was unable to 


ascribe calcification to this absorption affinity, however. because ervsta]l 
loids absorbed in vitro are washed out readily and not held firmly in t 
colloids; furthermore, adsorption of calcium seems to be a general « 


loidal property, not at all limited to the cartilage but exhibited by muscle 

66. Pfaundler: Ueber die Elemente der Gewebsverkalkung und ihre Beziehung 
zur Rachitisfrage, Jahrb. f. Kinderh., 1904, Ix, 123 

67. The results of Pfaundler’s experiments with pseudo-rachitie limbs are even 
more doubtful, because the injection of calcium chlorid was preceded by injections 
of NaCl] solution to wash out the blood, and apparently the author has not taken 
into account the NaCl which would be absorbed by the tissues from the wash 
water and then given back to the CaCl, solution. 

68. Almagia: Ueber das Absorptionsvermigen der Knorpelsubstanz fiir Harn 
siiure, Beitr. z. chem. Physiol. u. Path. (Hofmeister’s), 1905, vii, 46¢ 

69. Brugsch and Citron: Ueber die Absorption der Harnsiiure durch Knorpel, 


Ztschr. f. exper. Path. u. Pharm., 1908, v, 401. 
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other tissues. Also, as Aron'® has pointed out, these « ments 


ions, while in calcification we have to do 


n adsorption of calcium 
vith the iccumulation of neutra ilts. Hofm«e ister, howeve r, comes t 


with an interesting suggestion, which may be stated as follows: 


We may imagine the cartilage causing by its absorptive powers an 
mulation within itself of calcium salts from the blood, up to or near 
é t ration Now t ul nt of these salts which t t 
{] 0 tior d per ~ S ( ive n, part on ti if 
CO present, and thi variable quantity. If t :mount 
CO ! ed there will result a precipitation of part of t ca m 
t toring to t irtilage the power of adsorbin u 
{ ! : I ( com wit l er ( tu 
{ mn ts and CO,; this process can be imagined as going 
! t ~ ! sted with calcium d sits so that 
! s entire his hypothesis posses ne great 
t that it t consideration any activity o part 
Live irt 1 if I own ¢ riments hav concius = ) 
osition t S piace n tilage more than 1n ot t S 
) n vil ction the ] t ot the artilag As the 
é vs, when \ s tissues, sterilized and killed b it 
t 0) half an | 0 tw ays, are left t bdon 
ibbits for some tim the cartilage takes p any 
‘ \ nt I ilciun tt cari O comes to contain so 
' + +} 2 S { ed ave ct n s¢ yles z | e 
m1 to 2 wit 
| 4 1 AMS oF CALC w if D GRAM oF Dry I Ut 


| ! } 1.7 
S ) $4 12.0 
| y ! ; 87 a) 
‘ 5 ] ir 162.0 154.0 
! aquest ! ‘ r activity on the nart o 
int nd as fT 1 m was ind to compl | Vit 


Os} acid in quite the same proportion as in bone, we may exclude 


Sul leiur n lsorption as Pfaundler considers. I know of no 
“ n. however. why Hofmeister’s theoretization cannot be applied heré 
The objection mav be raised that in the normal body some sorts of carti 
age ossil ind some do n rT, whi may be considered as evidence of a 
difference in phvsiological activity. since no structural difference can bi 
found w ch accounts for the difference in behavior. I have found, 


wever. that if cartilages which normally do not ossifvy (tracheal and 


costal cartilages) be implanted in a similar wav, they do not ta uD 
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TABI ( MILLIGRAMS OF CALCIUM ONXID PR I I ENTIRE IM A 
MIAq ; 
7 
\\ s 4 j ( 8 | } ‘ 8 ; 
\ O5 ] ‘ 
‘ stal a ] 
: 10 8 ‘( 
\ 
i ) iD 
7 4 ] 
me ( 10 7 54) 109 151 
Epiphysea ) > 8 1! oe 
Therefore we must admit that t char st Tere! 
these cartilages exhibit in respect to their tendency to lav on eal m 
salts is not In any wavy dependent o in siological or vital act ty 
of their cells, for it is exhibited just as strikingly by the dead cartilag 


We have been unable to detect any chemical differences in the three sorts 


of cartilage sufficient to account for this difference in behavior,®* and we 


not found any corresponding variation in their adsorptive affinit 

( m salts in vitro.2? It must be borne in mind, however, that a 

| ( hvaline cartilage are prone to caleify lar more s than an 
ot normal tissue in the body SO that 1n oid nore or s cal 

‘ cation and ossification always takes place in tracheal, costal, larvngeal, 
ind articular cartilages. That is to say, the difference between the diff 


nt cartilages in respect to calcification is one of degree only, which ma 


not be discernible under the unnatural conditions of an experiment 


nt e nature of the tissues in which pathole | calcification t 
place, we find further support for the physical theory. What have th« 


many and various sites of calcification in common? Certainly not a 


a non chemical composition ior we find . | differ ne s { 
of materials the seat of calcium deposition: contrast. for example, t 
( e coat of arteries, ganglion cells, necrotic epitheliun nd | 


val s tissues do have in common are: (1) a poor blood-supply ar 
lvymph-stream, with conditions retarding the rate of excha 
osmosis: (2) a more or less homogeneous sually | Line I nd 


Kven in metastatic calcification a hyaline ground substance se¢ 
be the point of election for the deposition of the calcium salts 


Huebschmann”® found that in the lungs in this condition the deposit 


first and chiefly in the elastic fibers. Furthermore, that tissues whicl 

to caleify have a high affinity for inorgani salts is shown by their well 
70. Huebschmantr Ii logie de Kalkmetastase, Centralbl. d lig. Patl 

1908, x 737 
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known tendency to lay on iron when this is available, e. g., in the vicinity 
of hemorrhages.”! 


Taking ossification and calcification by and large as the processes 
occur, we cannot fail to be impressed with these two factors of a homo- 
geneous ground substance and a poor circulation; pathologists especially 
have been familiar with the coincidence and have repeatedly called atten- 
tion to it (see Ricker,’* Aschoff**). Therefore, all things considered, we 
are fairly driven back to the conception of a physical Kalkfanger, which 
serves as a point where condensation of the poorly soluble calcium salts 
takes place until, perhaps because of variation in CO, content in the sol- 


vent fluids, precipitation begins and continues rhythmically as Hof- 


meister has suggested. Precipitation is ordinarily in excess of re-solution 
because of the known slowness of solution of precipitates bv a fluid in 
which the precipitated substance exists at all times nearly at the satura- 
tion point, although when for any length of time the amount of calcium 
in the blood is reduced resolution exceeds deposition, and absorption of 
calcium occurs.** 


Taking all the evidence as it stands we find ourselves best satisfied 


with that which indicates that calcification begins as a simnle phusica 


adsorption by hyaline substances, which have a more or less specific 
adsorption affinity for calcium. That the substances which take up 
calcium have strong and specific absorption affinities is well established. 


1 l . } 


For example, cartilage itself is the richest of all tissues in NaCl (Bunge*? 


71. S. Ehrlich (Eisen und Kalkimpragnation in menschlichen Geweben, Cen 


tralbl. f. allg. Path., 1906, xvii, 177) holds that the iron serves as a mordant for 


the calcium which is subsequently deposited 

72. Ri r: Verkalkung und Steinbildung, Ergebn. d. allg. Path. (Lubarsch- 
Ostertag’s), 1896, iii, 643. 

73. Aschoff: Verkalkung, Ergebn. d. allg. Pathol. (Lubarsch-Ostertag), 1902, 
vill, 561. 

74. Lichtwitz (Ueber die Bedeutung der Kolloide fiir die Konkrementbildung 
und die Verkalkung, Deutsch. med. Wehnschr., 1910, xxxvi, 704) has suggested 
another hypothesis of calcification which can be applied to pathological calcifica- 


tion, pet ps, but not so well to ossification. He considers especially the part 





} ri 


played by the colloids in keeping the calcium salts in solution, and notes that 
in areas where calcification occurs we have had a precipitation of these colloids; 
e. g., in caseous areas there has been precipitation of proteins, in atheroma the 
fatty changes represent a precipitation of lipoids When in these areas the 
colloids are thus precipitated the calcium salts which they have kept in solution 
will then fall out. Of course the amount of dissolved calcium salts present in 


’ 


the area at any one time would not, when precipitated, cause ar 


y noticeable cal 
cification, but because of the withdrawal of the calcium from the solution the 


osmotic equilibrium is disturbed, and there being now a relatively greater concen 
tration of calcium salts in the surrounding fluids, these will continue to diffuse 


into this area and to be precipitated until the area is entirely filled up with pre 


thesis, but objections may be 


cipitated calcium salts. This is an attractive hypo 


le to apply it to ossification, and 


raised. In the first place, it does not seem possi 
in the second place it seems probable that under the conditions specified the 
invading calcium would be promptly precipitated on the inner surface, or even in 


the walls of the diffusion membrane, thus blocking further infiltration. 
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found that 70.7 per cent. of the ash of nasal cartilage from the pig is 


1 


NaCl), vet contains very little potassium, although the circulating blood 
contains much potassium, and in most tissues the proportion of potas- 


sium is greater than of sodium. In the shark, indeed, so great is the 


affinity of the cartilaginous skeleton for NaCl that this easily soluble salf 
takes almost the same place as does calcium in the mammals, constituting 


16.69 per cent. of the total fresh weight and 94.24 per cent. of the ash 


of the cartilage (Peterson and Soxhlet**). On the other hand, in 1 


ets the cartilage seems unable to take up even the calcium which is 


] 


present in the blood and tissues in normal amounts (Brubacker™). As 


before mentioned, cartilage also shows a decided adsorptio 


uric acid and many other crystalloids. 

The hyaline degenerated tissues in which calcification commonly occurs 
also show a strong adsorption affinity, especially for pigments, such as 
iron, and often for various dyes that stain by physical rather than by 
chemical union. May we not, indeed, liken the process of calcification 
to its analogues, the infiltration of foreign bodies in the bladder with 


urinary salts, or even the petrefaction of trees and similar objects? 


Schade® points out that in the former case the part played by the foreign 
body is not to be compared to the starting of crystallization, since in 
crvstallization the substance initiating crystallization must be of the same 


nature as the crystals, and the solution must be saturated. Rather is it 
to be considered as a surface p! enomenon, concentration at the surface 
ing to saturation and pre¢ Ipitation, whicl 
progressive as long as new supplies come in, and permanent when thi 


stroma of the precipitated mass is a non-reversible colloid. After a 


to what extent does a mass of calcifying dead tissue in the body, e. ¢., a 
thrombus, differ from the saturation of a fibrin clot in the urinary blad 
der with the salts of the urine? In each case the colloid is permeated 
by a fluid nearly saturated with certain salts, and when the process 
completed we have alike in each a ground substance of irrevers ce 

ited colloids in which the crvstalloidal deposit is held. We do not ques 


RECAPITULATION 
ar as the knowledge gained from the literature and personal 


investigation permits me to form opinions, my present understanding of 


the essentials of calcification and ossification may be summarized a 
75. Petersen and Soxhlet Ueber die Zusammensetzung des Knorpels vom 
Haifisch, Jour. f. prakt. Chem., 1841, vii, 179 
76. Brubacker: Ueber den Gehalt an anorganischen Stoffen. besonders an Kall 


in den Knochen und Organen normaler und rachitischer Kinder, Ztschr. f. Biol., 
1890, xxvii, 517. 
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f ws: Calcium is carried in the blood in amounts not far from ths 


saturation point, held in solution by the colloids and the carbon dioxid, 
and existing probably in the form of an unstable double salt of 


| 
calcium 
bicarbonate and dicalcium phosphate. In normal ossification, and in 


most instances of pathological calcification, the deposition is probably 


initiated by a process of colloidal adsorption causing a concentration of 


this double salt in the hyaline matrix which is to be calcified, and whicl 
has a strong affinity for calcium salts. Reduction in the amount of 
carbon dioxid in such areas, or some unknown agency, causes a preci} 
tation of calcium salts in this colloid matrix, and permits of further infil 
tration of dissolved calcium salts whenever the concentration of CO, in 
{ fluids may be greater (Hofmeister). The composition of bone and of 
most pathological deposits of calcium exhibits an almost constant ratio « 
phosphate (from 85 to 90 per cent.) and carbonate (from 10 to 15 pn 
cent which constancy of composition is to be ascribed to the relativ 


s vilitv of these calcium salts in the blood, and the approximate] 


onstant composition of this solvent. Slight variations in the compo 


if the blood may cause corresponding slight changes in the com- 


position of the calcium deposits in the body. It is inconceivable that 


mass of calcium salts anywhere in the body can for long possess 


( | composition essentially different from that of the bone. with 


it is in constant exchange through the medium of the circulating 


ble } 
here is no acceptable evidence that in ossification, o1 ordinarily in 
nathological calcification, the deposition of calcium is initiated as a 
chemical precipitation by some precipitating ion present in the tissues 
‘ ire to be calcified. From the beginning the calciu seems to 
sited as carbonate and phosphate in about the same ratio as in mature 


Hvaline cartilage possesses an affinity for calcium which is not exhib 


ited to an equal degree by other tissues, and this affinity is more marked 


ir tilage which normally ossifies than in cartilages which normally do 


1 
| 


not ossify. This specific affinity does not depend on any functional 


ar ty of the cells, for it is shown by dead cartilage. No difference in 


( | composition can be found to explain this difference between 
: ng and non-oss ¢ cartilage in regard to their sorption affin- 
it calcium salts. A homogeneous, hyaline structure is the usual 
( icteristic of calcifying substances, which resemble each other mui 
more in physical qualities than in chemical composition. 

There seem to be no essential differences between t processes 
involved in normal ossification and in most instances of pat! logical 
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connective tissue cells, causing them to form bone; without this stimulus 
they cannot form bone, at least not readily and normally. 

Exceptional cases of calcification occur in which other processes are 
involved than in ossification. One of these, “metastatic calcification,” 
occurs whenever from any cause the proportion of calcium present in the 
blood is so great that it require s the effect of both the colloids and of the 
CO, in maximum concentration to keep it in solution; then the calcium 
salts are deposited in those points in the body where the CO, content of 
the fluids is least. Another exception is seen whenever there is a con 
siderable splitting of fats, the new-formed fatty acids in some cases com- 
bining with calcium to form calcium soaps. These calcium soaps are 
ordinarily absorbed, but exceptionally, when in large amounts, e. g., 
calcifying lipoma, ete.. the fatty acid radicals may be replaced by P,O, 
and CO,. There is no satisfactory evidence, however, that this is a com- 
mon, much less a usual method of calcification, and there is much evi- 
dence that it is not. Calcium deposition seems to depend, alike in normal 
and in most pathological con litions, rather on physico-chemical processes 
than on chemical reactions. 


University of Chicago. 














INTRA-ABDOMINAL PRESSURES 


HAVEN EMERSON, M.D. 
NEW YORK 


INTRODUCTION 


The subject of intra-abdominal pressure falls naturally under four 
heads, namely: 

1. Pressure on solid viscera (liver, kidney, spleen), which cannot be 
other than that existing in the free peritoneal cavity. 

2. Pressures within hollow viscera; which have been fairly established 
under a variety of conditions, and may be wholly independent of the pres- 
sure in the abdominal cavity. 

3. Pressures within blood and lymph spaces which have been accu- 
rately determined, and are modified by the pressure in the abdominal 
cavity. 

+. Pressures within the peritoneal space proper. 

Except in so far as the pressures within the hollow viscera and the 
blood-vessels affect or are affected by the intraperitoneal pressure proper, 
they will not be treated of in this study. The pressures on the viscera 
must be identical with the pressure conditions of the cavity within which 
they are exposed wholly or in part, except where there is some inflamma- 
tory or neoplastic process, which might cause a local variation of pressure 
within or without the capsule of an organ, or in its secretory spaces or 
its vessels. We come then to a discussion of previous statements concern- 
ing the normal pressure within the peritoneal cavity, which will be fol- 
lowed by experimental evidence directed toward settling some doubtful 
points, and leading attention to the application of our knowledge in this 
regard, to the work of the internist and the surgeon. 

I shall use the term “intra-abdominal pressure” to indicate the pres- 
sure in the free peritoneal cavity. 

While the conditions causing and modifying intra-thoracic pressures 
have been the subject of exact research, and the conclusions offered meet 
general acceptance, this is not the case with intra-abdominal pressures. 
Inasmuch as intrathoracic and intra-abdominal pressures are to a certain 
degree complementary and serve somewhat similar functions, it seems 
worth while to put intra-abdominal pressure on as exact a basis as intra- 
thoracic. This seems especially desirable when the bearing of intra- 
abdominal pressure on circulation, respiration and absorption is consid- 
ered. The relation of intra-abdominal pressures to some of the problems 
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, of internal medicine, obstetrics, gynecology and surgery warrants a more 


exact study of the question than has yet appeared. 


ow 


ve os 


HISTORICAL SKETCH 


The standard text-books of obstetrics, gynecology and surgery treat 
¢. of the matter so rarely, and when it is mentioned, so inaccurately, that 
no information is to be had from them. In medical writings the matter 
is oftenest found under discussions of splanchnoptosis, ascites and circu- 
latory conditions, but nowhere is there anything approaching a full state 
ment of the case. Most of the text-books of physiology fail to mention 
intra-abdominal pressure at all. 

A few of the more comprehensive physiologies do mention the matter, 
but treat it quite superficially. DuBois-Reymond (1908) merely states 
that there is a variation in intra-abdominal pressure due to the action of 
the diaphragm. Hall (1900) considers intra-abdominal pressure at zero 
when the abdominal muscles are at rest, but illustrates the rise above that 
on descent of diaphragm and contraction of the abdominal muscles. 
Although his tracings are probably correct, he gives neither base-line nor 
statement as to what fluid he used in his manometers to obtain the pres- 
it sure records. He notes the effect of abdominal pressure on venous and 
lymphatic flow. Landois (1900) refers to Hamburger’s work of 1895-96, 
and makes the curious statement that expiration causes a rise in intra- 
abdominal pressure in man and dogs, but that inspiration has this effect 
in guinea-pigs. A slight increase in abdominal pressure causes increased 
heart action and arterial pressure, but excessive pressure in the abdomen 
decreases both. 

Luciani describes the use of rectal and esophageal bougies, and gives 
tracings of intrathoracic and intra-abdominal pressures, but no figures 
as to the facts observed in etherized dogs. The essential fallacy of testing 
such pressures through a contractile hollow organ he does not observe. 
He finds that the abdominal pressure varies with the descent of the dia- 
phragm and contraction of the abdominal walls. 

Schaefer (1900) after noting the effect of abdominal conditions on 
7 the circulation, points out the very important fact that the tone of the 
abdominal wall muscles is maintained by the respiratory center. The 
abdominal pressure as maintained by the abdominal walls is of the utmost 
importance, as it tonically maintains the caliber of the great veins and 
can compress them or allow them to expand. 

Tigerstedt (1906) says, “By abdominal pressure we mean the pres- 
sure on abdominal viscera produced by the simultaneous contraction of 

1. Brubaker, 1908; Bunge, 1905; Dalton, 1882; Foster, 1896; Halliburton, 
1907; Nagel, 1907; Ott, 1907; Howells, 1907; Kirke, 1907; Starling, 1907; Stew- 
art, 1905; Hermann, 1880; Hill, 1906. 
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the diaphragm and the abdominal muscles.” He gives no figures or 
tracings, and considers the pressure of importance only in relation to 
defecation and in labor. 

A review of the literature is very interesting aside from the many 
points of view from which the matter of intra-abdominal pressure has 
been approached by clinicians. 

In 1851 Weber, and Donders 
a condition in man, the latter to experimental conditions in animals, 


, in 1854, called attention, the former to 
which tended to prove that extreme expiratory effort caused a diminution 
or disappearance of the arterial pulse at various points of the body, as in 
the radial at the wrist, and a marked diminution in cardiac sounds. They 
note that expiratory effort assists venous return from the abdominal to 
the thoracic cavity. They suggest that it would be interesting to know 
whether expiratory pressure is associated with strong pressure on the 
abdominal viscera. 

Hammernik, in his publication of 1858, makes the first definite state- 
ment in the literature that the opposed surfaces of the abdominal viscera 
are held together by “horror vacui,” or suction of surfaces, and he even 
states that opening of the abdomen allows entrance of air into the cavity 
just as is the case on opening the pleural space. He practically states that 
under normal conditions there is a constant negative pressure within the 
abdominal cavity; “the diaphragm being held down by negative pressure, 
ascending in a higher dome when this pressure is released on opening 
abdomen.” This statement is quoted by Schatz and evidently had strong 
influence on the writers of the last half of the nineteenth century. 

Marey in his “Physiologie médicale de la circulation du sang,” Paris, 
1863, says that the effects that respiration produc es on the thorax are the 
inverse of those present in the abdomen. In other words, he seems to 
have recognized a fluctuating positive pressure in the abdomen, modified 
by the fluctuating negative pressure in the thorax, but he describes no 
tests and gives no records or figures. 

In 1865 two writers, Braune in Germany and Duncan in Edinburgh, 
wrote on this subject, and they have been frequently quoted. 

Braune tested abdominal pressure by the use of rectal bougies with 
human beings of different sizes and weights, and concluded that abdom- 
inal pressure depended on hydrostatic conditions in the abdomen; he says 
that it varies from 40 em. water to 100 em., according to the amount of 
voluntary abdominal contraction. He says that it is lowest in the hori- 
zontal, and highest in the vertical position. Positive pressure exists only 
when the abdominal muscles contract, or within hollow viscera. 

Duncan, on the other hand, describes a retentive power of the abdomen 
as a moderate negative pressure which assists circulation, and the position 


of viscera, but which straining overcomes. In both reports the method of 


observation is altogether unreliable. 
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In 1870 Paul Bert published his admirable volume on the comparative 
physiology of respiration, in which he notes the errors necessarily arising 
from recording pressures within hollow organs and reasoning from such 
records as to intra-abdominal pressures. He therefore avoids offering 
figures to indicate absolute abdominal pressures, but draws some excellent 
conclusions from numerous tests on chloroformized mammals by tracheal 
and rectal tubes. If the descent of the diaphragm predominates, the 
abdominal pressure will rise in inspiration. If thoracic expansion pre- 
dominates, abdominal pressure will fall in inspiration. He finds that the 
conditions of reciprocal muscular tone and contraction of diaphragm, 
abdominal and thoracic muscles vary infinitely. 

In 1872 Schatz went into the subject in detail from the experimental 
and clinical standpoint. He used a Ludwig kymograph and a mercury 
manometer connected with a balloon and rigid tube, the balloon being 
placed within the uterus during labor. He concludes that the abdominal 
pressure itself is positive or negative. His other figures, relating as they 
do to intra-uterine and not intraperitoneal conditions, are not of imme- 
diate interest here. “Intra-abdominal pressure must be positive because, 
if it were not, the amniotic fluid would not flow out.” Here again he 
reasons falsely, attributing to abdominal pressure conditions existing in 
the uterus. 

Again, he says that intra-uterine pressure varies with abdominal pres- 
sure, having under certain conditions a negative pressure when pressure 
in the abdomen is positive. He reasons also from pressure conditions in 
the urinary bladder with equal error. He says that the pressure in the 
pelvis in pregnancy differs from abdominal pressure because of separation 
of the cavities by the uterus. 

Schatz suggests that there is an adjustment of the abdominal muscles 
to meet distention by the pregnant uterus. He says pressure is from 


4 to 5 mm. Hg lower in the dorsal than in the sitting or standing posi 


tions, and is negative in the knee-chest or knee-elbow positions, even 2 
to — 4mm. Hg tested by gastric and rectal bougie balloons. He finds 
that pure thoracic respiration diminishes abdominal pressure. Pure dia 


phragmatic breathing raises abdominal pressure. 

In the cadaver and in the puerperal state the abdominal pressure is 
negative because of relaxation of the abdominal muscles. 

During pregnancy intra-abdominal pressure rises slightly though not 
In proportion to the increase in the size of the uterus, until the last 
month, when usually the abdominal muscles are stretched beyond their 


ability to respond, and there is then usually a fall of pressure below 


normal. 
In other words, abdominal pressure depends on the muscular strength 


and support of the back muscles against the stretching of the abdominal 
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and thoracic muscles. Schatz notes that the blood-pressure in the inferior 
cava must be at least as high as intra-abdominal pressure to avoid obliter- 
ation of its lumen, at least 20 cm. water. By the same reasoning the pres- 
sure in the liver capillaries must be higher than the caval pressure. 

The capillaries in the soft tissues of the abdominal viscera are sup- 
ported by a moderate abdominal pressure which assists them to withstand 
the blood-pressure, in somewhat the same way that the capillaries in com- 
pact tissues, such as muscle, are supported. 

A moderate positive intra-abdominal pressure, slightly increased in 
the erect position, assists the return flow of blood, and the flow of chyle 
from the abdominal viscera. 

Wendt (1873) followed Schatz with a further study of rectal pres- 
sures, and concludes that the higher the abdominal pressure the less the 
secretion of urine. 

Emminghaus (1874) found negative pressure in human beings, but 
by unreliable methods in the cadaver. 

Odebrecht (1875) concludes from testing pressure in the urinary 
bladder and in the rectum that the intra-abdominal pressure is normally 
positive. He found only two cases which showed a negative pressure, out 
of a large number tested. One was a case of localized peritonitis involv- 
ing the fundus of the bladder and its lateral and posterior attachments 
during pregnancy, but after complete recovery and a readjustment of the 
organs after delivery, there was a return to normal positive pressures in 
the rectum and in the bladder. The other case was one of hydronephrosis, 
in which the bladder was found to show a negative pressure on catheter- 
ization. 

Dubois (1876) notes the errors of Schatz’ method and warns against 
drawing conclusions as to intraperitoneal pressure from pressures found 
in hollow viscera. 

Luciani (1877) in a monograph on the oscillation of intrathoracic 
and intra-abdominal pressure, states that the contraction of the dia- 
phragm is not properly accessory, but essential in causing an inspiratory 
rise of pressure in blood-vessels. The statement is distinct, but the curves 
before and after section of the phrenic nerves do not show it perfectly. 
Again in 1878 he made a full report and notes the necessity of observing 
whether the test animal is under deep narcosis or not. He did not use 
a cannula in the intact abdomen. 

Wegner (1877) tested the rate of absorption of fluids from the peri- 
toneal surface and in a very suggestive study concludes that one of the 
factors in the mechanics of absorption is the filtration which the normal 
positive intra-abdominal pressure accomplishes. He notes that one factor 
which interferes with absorption of fluid exudates or transudates, in cases 
in which large tumors or large accumulations of peritoneal fluids have 
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been removed from the abdominal cavity, is the drop in abdominal pres- 
sure to zero or negative, which change affects directly the circulatory and 
absorptive functions. This disadvantage does not persist if there has been 
no severe injury to the abdominal muscles. The result of stretching the 
abdominal walls is a diminution, a slowed and perhaps wholly checked 
absorption. 

Quincke in 1878 states that abdominal pressure is positive and 
increases with inspiration and decreases with expiration. He draws his 
conclusions from tests on patients with ascites. He notes the probably 
obstructive effect of high abdominal pressure on venous return from 
abdominal viscera. 

Landau wrote, in 1881, on floating kidney, in the course of which 
study he remarks that intra-abdominal pressure falls below zero where 
the abdomen is pendulous with a resulting difficulty in expiration. 

Schwenburg (1882) concluded from animal experiments that the 
respiratory change of blood-pressure was due chiefly to pressure increase 
in the abdomen on descent of the diaphragm in inspiration, but confessed 
to his inability to prove it in the case of human beings. 

Mosso and Pellacani (1882) using a catheter in the bladder, decided 
that there was a positive abdominal pressure as well as an active pressure 
by the bladder walls. 

Rosenthal (1882) by the use of a gastric bougie showed that abdom- 
inal pressure seemed to be positive and to rise on inspiration. 

Schreiber (1883) concludes from tambour tracings with a stomach 


bougie that abdominal pressure is negative, — 5 to — 10 mm. water. All 

positive pressures are merely local in various visceral cavities, and are not 

caused by abdominal pressure which is normally negative. In a case of 
} 


ascites he found inspiratory increase and expiratory decrease in positive 
abdominal pressure. Abdominal pressure is positive only under abnormal 
conditions, as ascites. 

Kronecker and Meltzer (1883) in the course of studies on the mech- 
anism of deglutition, found by the use of a gastric bougie that there was 
a fall in pressure on inspiration and a rise in expiration below the dia- 
phragm. 

Senator (1883) notes that abdominal pressure is much diminished by 
weakness of the abdominal walls. A common cause of floating kidney 
is stretching of the abdominal walls by repeated pregnancies. 

Martin (1885) in discussing the causes of displacement of the uterus 
says that intra-abdominal pressure is the essential factor, and that failure 
of the pelvic floor allows diminution of this pressure, and a fall of the 
uterus. He notes that the abdominal pressure, if positive, must be very 
slight. 

Hegar (1886) says that pelvic viscera are dislocated, not only by 


relaxed ligaments, but by diminution of intra-abdominal pressure. This 
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lowered pressure causes dislocation of other viscera and allows congestion 
and dilatation of abdominal and crural vessels (veins especially). Large 
hernias always cause a fall of intra-abdominal pressure (1873). He con- 
cludes that negative pressure does not exist in the rectum or bladder nor- 
mally, but may be created by relaxing the abdominal walls, and then 
making deep thoracic inspiratory efforts. 

(. Hasse (1886) gives the following as proofs that abdominal pressure 
is positive and fluctuating: (1) tonus of abdominal walls; (2) pressure 
of intestinal contents; (3) prolapse of intestines on opening the abdo- 
men; (4) issue of fluid on puncture; (5) non-entrance of air on opening 
crural vein below Poupart’s ligament. He says that abdominal pressure 
rises in inspiration and falls in expiration, and at no time is negative. 

Schroeder (1886) notes but slight increase of intra-abdominal pres- 
sure in pregnancy, and supposes that there must be some adaptation of 
abdominal tension to the increasing size of the uterus. He also notes a 
negative pressure in the abdomen in the knee-chest and other similar 
positions. 

Verstraeten (1887) thinks that pressure rises in expiration and falls 
in inspiration. 

Weisker (1888) made a summary of the facts as understood at that 
time, and says: “Pressures in hollow viscera vary within wide limits and 
are independent of intra-abdominal pressure.” “Pressure in any cavity 
depends on its content (its character, bulk and compressibility) and its 
wall (elasticity of various parts, its ability to contract, support or change 
its shape).” He finds inspiratory and expiratory changes of pressure in 
the abdomen to be constant within from 1 to 2 cm. of water. Inspiratory 
increase in pressure is minimized by the yielding of the abdominal walls. 
In the same way there is rarely high pressure in ascites. From tests he 
made himself in the rectum and in the stomach he concludes that if 


proper precautions are taken the gastric pressure is never negative, and 


usually only slightly above zero. Vositive abdominal pressure can be 
brought into play only when the abdominal muscles contract. 

Timofeevsky in 1888 concluded in a study on the pressure in the 
inferior vena cava that the normal pressure varied but slightly from zero, 
and that it was not constant, varying with different positions of the body, 
the weight and fulness of abdominal viscera, and with the contraction and 
development of the abdominal wall and exterior pressure. 

Hasse in 1890 notes that intra-abdominal pressure increases with the 
descent of the diaphragm in inspiration, and that this variation in pres- 
sure plays a large part in assisting the flow of blood in the portal vein. 

Heinricius (1890) made exact observations by carotid cannula, tra- 
cheal cannula and abdominal cannula, but did not record absolute pres- 

+ 


sures graphically. He found that pressures of from 27 to 46 cm. water, 


in cats and guinea-pigs were fatal owing to prevention of respiration 
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and a steadily diminishing amount of inspired air. Any interference 
with thoracic expansion allows pressure of lungs against heart, a diminu- 
tion of diastolic distention and a low blood-pressure. 

Under curare and artificial respiration he found that increased abdom- 
inal pressure caused a vagus effect on the heart, a marked slowing with 
rise in arterial] blood-pressure. A pressure of 32 mm. Hg in the abdomen 
caused the pulse-rate to fall from 226 to forty per minute, and pressure 
in carotid to fall from 134 to 130 mm. Hg. Rapid distention at low 
pressure is of much harm, while high pressure gradually established may 
be well borne for some time. A pressure of even 60 mm. Hg, he says, 
may be borne within the abdomen. That this does not close the veins is 
proved by the absence of a prompt fall in arterial pressure, which such 
obstruction always causes. If pressure is extreme and prolonged collateral 
paths may be developed. 

Reprieff (1890) found intra-abdominal pressure zero in living and 
dead dogs, and often negative when they were put in horizontal dorsal 
position. 

Schatz (1891) still denies that there is a positive abdominal pressure. 

Hogge (1892) after noting the futility of pretending to get absolut 
intra-abdominal pressure by recording appliances, inserted in hollow vis- 
cera, gives a number of good theoretical reasons for expecting to have an 
increase of abdominal! pressure when inspiration causes a drop in thoracic 
pressure. He also follows the work of Heinricius closely, and points out 
that pathological conditions which cause excessive pressure or absence of 
normal support in the abdomen, result in interference with the circula- 
tion. He considers a positive pressure fluctuating with respiration, rising 
on inspiration, normal and useful in assisting secretion and excretion 

Kelling (1892) agrees with Schrieber (1883) after testing gastric 
pressures with bougie and water manometer, that normally, abdominal 
pressure is negative, and that this is more marked in inspiration becaus 
at that moment the costal arch is increased and enlarges the abdomina 
volume more than the descending diaphragm decreases it. In expiration 
there is no rule, the pressure rising or falling. He asserts that gastric 
pressure is negative except when the gastric musculature is either dis 
tended by contents or irritated and contracted. His conclusions as to 
abdominal pressure are all based on observations on intragastric pressures, 

Moritz in 1895 tested pressures by a bougie balloon in the stomach 
connected with a recording water manometer. He notes that accurate 
intra-abdominal pressure can be determined only by a cannula in th 


peritoneal cavity. He finds stomach pressure but little affected 


external pressure of the abdominal walls. 
Hamburger (1896) is the first writer to state definitely that he thinks 


pressures are different at different levels in the abdomen, a fallaev whiel 


occurs even in more recent writings. 
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His tests of abdominal pressure were incidental to experiments on 
the absorption of fluids from the peritoneal space from the intestines. 
Excessive abdominal pressure, 45 em. water, causes failure of respiration 
vy fatigue of the diaphragm in rabbits. Moderate pressure increases 
lood-pressure, and if persisted in causes cardiac weakness from fatigue 
due to overcoming unnecessary resistance applied to the surface of the 
abdominal vessels. This is more marked the higher the pressure. Absorp- 
tion of fluids from the normal intestine is increased in rate by increase 
of intra-abdominal pressure, within moderate limits, from 8 to 14 em. 


water. If intestinal pressure fal 


s to zero absorption ceases, and if as 
low as 0.5 em, it is very slow. On inspiration, the diaphragm, and on 
expiration, the abdominal muscles, compress the abdominal contents, but 
ressure rises on Inspiration and falls on expiration. It takes a pressure 
if from 20 to 40 em. water in the abdomen to obliterate the effect of 
respiration on abdominal pressures. The intra-intestinal pressure at 
which the absorption stream ceases, must lie under the capillary pressure 
How much lower it is depends on the power of cellular imbibition and the 
wcompanying suction of the blood-stream. 

Schwerdt (1896), in an able article on enteroptosis, notes that intra- 


ibhdominal pressure is probably positive under normal conditions, but 


sinks with relaxed abdominal walls. Usually pressure is the same 
throughout the abdominal cavity, and the hollow viscera are but little 
iffected in shape or volume. His conclusions are based on the use of a 
water manometer and bougie in the rectum and stomach. Normal pres- 
sure probably varies from zero to + 3 em. water. 


Kelling (1896), as a result of tests in the stomach and the rectum. 
enles the existence of a positive intra-abdominal pressure. He makes no 
rect tests in the abdominal cavity. but tests stomach pressure and yo! 
mes mm ethe rized dogs and in cat and rabbit cadavers. 

Hasse (1901) considers a fluctuating positive intra-abdominal pres- 
sure as the result of coincident contraction of the diaphragm and abdom- 


inal muscles in inspiration, but he reports no tests. 


Quirin (1901) used narcotized dogs, cats, guinea-pigs and rabbits 
and a glass cannula tied in the opened abdomen. He reports positive 
pressures, greater In inspiration than in expiration, except during active 
movements, when the reverse is the case. He notes diminished tone as a 
cause of low pressure in anesthetized animals, and cautions against the 
error of drawing conclusions from visceral records. His records give no 
abscissa, but show fairly constant results. The errors in his method are 
opening the abdomen before testing, and the absence of a base-line in his 
tracings 

Mever (1902) denies the presence of a positive intra-abdominal pres- 


sure, and says it must varv in different parts of the abdomen, and at dif- 
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ferent times. His ideas show a total lack of understanding of physics 
and are based on no direct observations 

Jurgensen (1899) notes the ¢ fect of abdominal pressure which when 


nereased in inspiration raises aortic pressure. 
Hagentorn (1902) considers abdominal pressul 
the diaphragm or abdominal muscles are para vzed or have lost ther 
tone. All bodily movement is accompanied by increased intr: 
pressure. No experimental evidence is reported. 
Hormann (1905) points out th defects in the 1 
writers. and declares that he will determine pressure in t 
men. His observations on a recently ki led dog. and on a dog killed b 


chloroform. cannot be taken as correct, as the maintenance of musculat 


tone is necessarv for accurate tests. He concludes from these tests that 
pressure is different in different parts of the abdomen, an error that eve1 
areless technic should not allow any one to perpetuate. Using an abdor 


nal trochar he found negative pressure in the upper part of the px ritoneal| 
cavity and positive pressure in the lower part, in animals held vert 
and recently killed hy chloroform. 


One anima! tested during life showed negative 


pressure rising 1h itis! 

ration. Hormann illustrates his ideas by models which have rigid and not 
tonically contracted walls, and the conclusions are not at all justified. THe 
denies a constant abdominal pressure In complete repose abdomina 
muscles exert no pressure. He notes that animals used in his tests wer 
either dead or under deepest narcosis, and the fou ving dogs under 


reosis he notes as being ema iated and with sunken abdominal wal 


mnditions wl i¢ hy e\piain | 


s failure to obtain correct results. 
Mathes (1906) makes an excellent statement to t fect tl 
ereater is the traction effected by the lungs (1. e., negative thoracic pres 


sure). the less is the portion of the pressure on t 


}) ( scera OW Live 
hdominal and pelvic walls have to support.” He agrees in general wit 
Kelling and considers pressure in the abdomen to be positive and f 
nerease In inspiration, 
Smith (1908) in a summary of the subject, presents no new data and . 
=< misled by some of the earlier writers Ile notes, however, that when 


ibdominal pressure 1s raised by contraction of the a 


xlominal muscles, 


the pressure is transmitted undiminished in all directions. Negative 


yressure he considers as common beneath the diaphragm, if the abdominal 
walls are rigid at that spot, a statement that seems impossible since a fall 


n pressure is likely to be distributed just as much as a rise to all parts 
of the abdomen, and undiminished. 


Barrett (1908) adds no further proof to the subject, and moreover 
savs that “because of constant disturbance of body equilibrium, and 


hecause of the sluggishness of contents to respond to fluid pressure, this 


} 


essure varies in different localities at different times.” 
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Weitz, in 1909, working in Quincke’s clinic, made a number of tests 
of intra-abdominal pressure by a manometer in connection with a trocar 
used in abdominal paracentesis for the removal of ascitic fluid. He found 
positive pressure in the fluid and noted that it was due to a combination 
of the forces of hydrostatic pressure and tension of the abdominal wall. 
If the fluid is of long standing and the walls are relaxed the pressure is 
lower than under the reverse conditions. He finds that the pressure rises 
in inspiration and falls in expiration. 

He evidently considers pressure in the normal abdomen to be less in 
the upper than in the lower portions. “As pressure after the removal of 
part of the ascitic fluid is but slightly above atmospheric pressure at the 
level of the trocar, the pressure in the upper abdomen must be often neg- 
ative.” “This must be beneficial as it lightens the work of the abdomen.” 
Finding pressure in the urinary bladder in ascites higher than pressure in 
the free peritoneal cavity, he notes that the contraction of the walls of 
hollow viscera may make any such records quite misleading. 

Undoubtedly his observations as regards the presence of positive pres- 
sure in the fluid accumulation in an ascitic abdomen, and the negative 
pressure in the space left in such a distended and pendulous abdomen 
above the fluid, are correct, but that is far from saving that in the normal 
abdomen with no fluid and with a gaseous medium to distribute pressures 
among the movable intestines, there may be different or opposite kinds 
of pressure in different parts of the abdomen at the same time. 

Herrick (1910) notes the prebable existence of negative pressure in 
the uppermost portions of the abdomen of dogs in the dorsal position 
when they are deeply narcotized by morphin and ether, and mentions the 
demonstration of negative pressure in the bladder in human beings in 
the knee-chest position, as supporting this theory. In reply to this it 
may be said that it is of course true that with deeply narcotized animals 
in a condition of absolute muscular relaxation, in the dorsal position, and 
with women with enteroptosis, or relaxed abdominal walls after repeated 
pregnancies, in the knee-chest position, negative pressure may be demon- 
strable, but be it clearly understood that this is abnormal and unusual in 
each instance, and furthermore the negative pressure has nothing to do 
with which part of the abdominal cavity is uppermost, for the negative 
pressure will be created by the thoracic expansion and the failure of the 
tone of the abdominal walls to serve their usual function of support. Dif- 


ferences of pressure will be found only between different closed cavities, 


and certainly not in different parts of the same cavity, where a gaseous 


medium is the distributer of the pressures. 
rHE OBJECTS OF EXPERIMENTAL STUDY 
From this summary, which I believe gives a correct idea of the pre 


vious results of study of intra-abdominal pressure, I found it difficult to 


construct anv intelligible statement, and it was this dilemma. which 


HAVEN EMERSON 705 


prompted me to make the following tests, which | think must settle at 
east a few of the questions at Issue. 

| think it only fair to state that it is quite inconceivable to me that 
under normal conditions there can be different pressures in different parts 


of the peritoneal cavity. The space is but a single compartment from 


liaphragm to pelvic floor. and from the vertebral column to the abdom 
inal walls. I have tested this repeatedly, and whenever [| found a differ- 


ence n pressure the error has been cue to obstruction of one oft the can- 




















c 
Fig. 1—Apparatus for ascertaining abdominal pressure. A, water manom 
j eter with aluminum float carrying writing-point guided at x by system of 


crossed hairs as shown in B. C, the small fenestrated trocar shown attached to 
manometer by rubber tubing. D, the large fenestrated trocar through the heavy 
rubber head of which at z the small trocar is plunged after D is forced through 
the abdominal wall. 


nulas from which I was reading my pressures. When we speak of zero 
pressure we mean atmospheric pressure, negative and positive pressures 


being read below and above the zero thus taken. 





The primary objects of the study were to determine the pressure con- 


ditions in the peritoneal space, and if possible to discover the causes of 
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the pressure, the function of such pressures as were found, and the dis- 
turbances resulting from variations from the normal pressures. 

The method was of the simplest. Rabbits, cats, dogs and calves, undet 
the influence of local or general anesthesia, were used. A straight fenes 
trated trocar was plunged through one or another part of the abdominal 
“ ind so arranged as to prevent the entrance into or exit from the 
abdominal cavity of air. This trocar was connected with a recording 
water manometer, as described in 1904 in an earlier publication. The 
tracings were written from a base-line on a smoked drum. In some 
instances synchronous records were taken of the pleural pressure and of 
the carotid blood-pressure 


PROTOCOLS AND GRAPHIC RECORDS OF EXPERIMENTS 


Experiment 1—May 19, 1904 Male fox terrier, under ether anesthesia 
lrocar inserted at level of umbilicus three-fourths of an inch to right of mid-line; 
again in left hypochondriac region and two inches below and to left of umbilicus. 
In all positions the water manometer registered negative pressures varying from 
10 to 90 mm rhis fluetuated, increasing with inspiration and decreasing with 
expiration. The explanation for this unexpected phenomenon was found on open 





Fig. 2.—Record of intra-abdominal pressure in a decerebrated cat ( Experiment 
3, May 26, 1904). No anesthetic for past two hours. Tracing during slight 
asphyxia. Time marks 2 seconds and time line is used for abscissa. The small 


fluctuations in the tracing are due to respirations, the large ones to general 
bodily movements. Reduced to three-fourths size of the original tracing. 


ing the abdomen, each trocar being left in place and clamped to prevent change of 
pressure conditions. Each trocar had failed to penetrate the internal aponeuro 
sis, thus making an artificial space between the more superficial layer of muscle 
and the deep aponeurosis. Result: Failure of technic and false records. 
Experiment 2.—May 26, 1904: Rabbit under ether anesthesia. A much 
sharper and smaller fenestrated trocar was inserted just below the ribs in the 
right side in front. The pressure was from 20 to 25 mm. aq. rising in inspiration 
and falling in expiration. The trocar was withdrawn and the opening closed by 
clamp. The trocar inserted in left side, half-way between ribs and pelvis, regis 
tered from 10 to 15 mm. aq.; again withdrawn and reinserted in mid-line an inch 
and a half above pubic arch, it registered from 10 to 12 mm. aq. This fall, as will 
be ex plained later, was due partly to the failure to close the first two holes per 
fectly, but more to the gradually failing muscular tone during anesthesia. The 
trachea was clamped. Asphyctie convulsions resulted, forcing the pressure again 
up to 22 mm. aq., which, as the stage of exhaustion ensued, fell gradually to 8 
mm. and remained there, as I found after opening the abdomen, because of 
obstruction to the trocar by omentum. If this obstruction had not occurred there 
would probably have been a fall to zero pressure, such as occurred in later tests. 
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Fig. 3.—Cat under ether anesthesia (Experiment 4, Nov. 25, 1904). The 
lower straight line represents time in fifths of a second; the upper is the abscissa 
the wavy line is the intra-abdominal pressure tracing. Up stroke represents 
inspiration except in D. A, deep narcosis; B, moderate narcosis; C, light nar 
cosis; D, beginning asphyxia; E, release from asphyxia. Star *) trachea 


gger (+) trachea released. feduced to three-fourths 


clamped; da 
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Experiment 3 Nov. 22, 1904 { decerebrated cat that had been used for 


lemonstration purposes was tested without an anesthetic. The trocar was inserted 


in the right flank. Pressure fluctuated above and below the zero mark. On elicit 


vigorous muscular movements or during temporary closure of the trachea, 
) 


the pressure rose to 10 to 15 mm, wate rig 


Fig. 4.—Continuous record of positive intra-abdominal pressure (Experiment 





5, Nov. 26, 1909) in a cat under light ether narcosis. Prolonged inspiration, 
x x. Rising pressure during inspiration. Reduced to three-fourths. 


A 
See eee 
D 


Fig. 5.—Small fox terrier (Experiment 6, Nov. 29, 1909). Uppermost line, 
abscissa; middle line, abdominal pressure; bottom line, time. Up stroke repre 
sents inspiration. A, deep narcosis. B, moderate narcosis. C, light narcosis 


D, effect of obstruction of trachea and sudden release. Star (*) trachea released, 
Reduced one half 
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Earpe ent 4 Nov. 25, 1904 Cat under ether anesthesia It is to be 
especially noted that this cat was an unusually emaciated and feeble specimen, 
is a result of a paralyzed right hind leg from an earlier injury. The trocar 
was inserted in the left loin and negative pressure, i. e., less than atmospheric, 
was recorded under deep narcosis As narcosis was diminished in intensity the 
pressure gradually rose and at the height of inspiration the pressure was posi 
tive to a slight degree. In this animal it was noticeable that the up-stroke 
during inspiration) of the pressure curve was made of two elements, the first 
long and gradual and the second abrupt and short. The second part occurred 
when full costal expansion had been reached and appeared to be due to a cor 
traction of the diaphragm. During a slight struggling that occurred when the 


anesthesia was light, the pressure even at its lowest point (i. e., during expira 
tion), kept above zero. Apparently the returning tone of the abdominal muscles 
illowed positive pressure to prevail even against the negative pull of the thorax 
On obstructing the trachea the first long inspiratory effort resulted in a great 
drop in pressure, the pressure remaining well below zero until the following great 
expiratory movement caused a rise, and then on releasing the trachea a still fur 
ther rise in pressure occurred as the inrush of air into the lungs satisfied the 


negative pressure which had been operative in causing unnatural low pressure 


in the abdomen (Fig. 3 





Fig. 7.—Experiment 8, continued. I, effect of moderate narcosis. II, deep 
narcosis. III, recovery from ether narcosis. Upper line intra-abdominal pres 
sure; middle line abscissa; lowest line, time in fifths of a second. Reduced to 


two-thirds. 


Experiment 5.—Nov. 26, 1904: A large powerful cat of unusual muscular 
development was used. Ether anesthesia. When inserted through four different 
places in the abdominal wall the trocar registered positive pressure at each 
point (Fig. 4). The urinary bladder was finally entered by mistake and further 
observations were unreliable. 

Experiment 6.—Nov. 29, 1904: Small fox terrier which had been anesthetized 
by ether at 2:15 p. m. and had been operated on for demonstration of localization 
of brain function and was kept continuously under ether until 3:45 p. m., when 
these observations were made. There was, as is apt to be the case after severe 
cerebral operations have been performed, extreme muscular relaxation. The 
animal was put in ventral horizontal position and the trocar inserted at various 
points and only at deep inspiration did the pressure rise to zero or slightly 
above it (Fig. 5) 

Experiment 7.—Deec. 24, 1904: Having failed occasionally to get reliable 
graphic records with the recording manometer in the previous experiments because 
of obstruction of the fenestrae of the cannula by omentum or mesentery, I used 
in this and the following experiments a double trocar. A large trocar half an inch 
in diameter, with four large holes directly above the steel lance-shaped tip, was 
closed at its upper end by a heavy piece of rubber tied so as to be quite air tight. 
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| is Was nserte Vhere esire 7 tive 1 sr 1 ‘ 
with the manometer but with the connecting tube ump. is g klw fores 
through the rubber cap, making an air-tight joint Ihe chanees of obstruction 

the large openings in the large trocar are much less than was the case wi 

the smaller one, and the smaller one thus protects ind vet subject to the 
pressure changes proved a reliable recording instrument for long periods in t 

abdominal cavity, without the errors and risks attendant on changing the pos 
tion or point of insertion A heavy pug dog was used The stomach was full of 
a large meal of meat and dog biscuit (a pint Ether anesthesia In the dorsa 
position lrocar in mid-line above umbilicus showed a_ positive pressure On 
clamping the trachea a rise still further above ero occurred with the violent 


movements. 4 pleural cannula was also applied to test coincidently intrapleural 


pressures 
Experiment 8 Jan. 3, 1905 Medium-sized cat Ether dorsal position 


lrocar as described in previous protocol in mid-line above umbilicus Pleura 





Fig. 8.—Effect of recovery from light narcosis 


(Experiment 8 continued) 
A, B, C, D and E as in Figure 6; star (*) light narcosis; 


dagger (+) struggle 
Reduced to two-thirds. 


cannula connected with recording manometer 


(equal parts aqua destil. and glycet 
in C. P.). 


The pleural trocar recorded persistent but fluctuating negative pres 
sure, while the abdominal pressure was positive, except 
abolished the muscular tone of the abdominal muscles, 
negative pressures. 


when deep narcosis 
and allowed of zero or 


For details of tracings see Figures 6, 7 and 8. 
It will be seen that the abdominal pressure becomes positive 


zero or negative 
according to the amount of anesthesia produced by the 


mene, 


ether Deep asphyxia 


: causes the well-recognized increase in negative pleural pressure, and at the 

same time almost obliterates the abdominal positive pressure, so much more 

y powerful is the expansion of the rigid thorax than is the downward descent of 
f 
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the diaphragm The effect of 300 cc. of 


ibdomina! pressure to a considerable height, and cause a persistence of this rela 


tively high positive pressure even when the animal was unde deep narcosis. This 


pressure was evidently harmful, as artificial respiration had to be resorted t 
because of the limited respiratory excursion permitted. 


Experiment 9 Jan. 5, 1905: Large male rabbit. Ether narcosis, tracheotomy. 
Right phrenic nerve exposed in the neck, and esophagus cut and tube passed to 
stomach and tied in place Abdominal and pleural cannulas Dorsal position. 
rhe usual record of low positive or negative abdominal pressure was obtained 


during deep narcosis and a fluctuating positive pressure during light narcosis 


vas obtained 


he inspiratory rise in abdominal pressure (Fi 
ause any change in the pressures. Curare 


injection and in ten minutes a gradually increasing muscular paralysis resulted in 


leath with both pleural and abdominal pressures registering zero. 


l JZ 





Fig. 9.—Effect on rabbit of deep and light ether narcosis (Experiment 9, 
Jan. 5, 1905). <A, pleural base; B, pleural pressure; C, abdominal pressure; D, 
abdominal base; E, time in fifths of a second. I, deep narcosis; IT, fifteen 
minutes later. Reduced to two-thirds 


Experi nent 10 Jan. 12, 1905: Black and tan dog, 5.5 kilo. Ether, trache 


otomy ; both phrenic nerves ex posed above the subclavian artery. sougie tube 
tied into the esophagus. The effects of quiet respiration, the distention of the 
stomach with salt solution and cutting the phrenic nerves were observed. The 
usual records were obtained in quiet respiration. Thoracic excursion was hin 


dered and abdominal pressure rose on distending stomach with 400 ¢.c. of salt 
solution. Cutting phrenic nerves at the high level indicated did not materially 
affect abdominal pressure (Fig. 10). 


7 per cent. salt solution was to raise 


Cutting the right phrenic nerve caused a marked diminution in 
g. 9%). Ammonia inhaled failed to 
2 eg.) was given by subcutaneous 
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Experiment 11.—Jan. 14, 1905: White rabbit. Cocain used for local anes 
thesia to right of mid-line just below umbilicus. Trocar inserted and pressure 
recorded with water manometer. Positive pressure persisted throughout the 


observations, and was doubled on slight exertion or any sudden bodily movement 
The trocar was withdrawn and the abdominal wound closed Recovery from 
puncture uneventful. 

Experiment 12.—Jan. 24, 1905: A large brown male rabbit had been under 
ether for two hours for a demonstration on the functions of the cervical sympa 
thetic nerves, both of which had been cut. At the end of this prolonged narcosis 
the abdominal pressure was found to be persistently below zero, to the extent of 
from 2 to 4 mm. aq. 





Fig. 10.—Moderate ether nareosis in dog (Experiment 10, Jan. 12, 1905 
A, pleural base; B, pleural pressure; C, abdominal pressure; D, abdominal bas« 
E, time in single seconds Reduced to two-thirds 


Experiment 13 Feb. 8-9. 1905: Two cats used for demonstration purposes ar 
under very light ether narcosis for a brief period, were tested and positive intra 


abdominal pressure recorded 


Experiment 14 March 6. 7. 8. 1005 Three calves. eacl f lic wad hee 
under ether nareosis for an hour and a half. were tested and o1 one showe 
positive pressure within the abdomen. from 2 to 6 mm The other two exhibited 
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eme iscular relaxation, and the dorsal position allowed of collapse of the 
mia ibdominal shape, causing a slight negative pressure 
Bape ent 15 April 18, 1905: Rabbit under deep ether narcosis. Recording 


manometer with equal parts glycerin and water showed abdominal pressure from 

1 to 3 mm. aq 

Rape ent 16 April 20, 1905: Powerful male cat Ether lracheotomy 
Dorsal position. Carotid cannula to mercury manometer lrocar in left pleural 
space to water-and-glvcerin manometer lrocar in mid-abdomen to recording 
vater manometer Effect of raising foot of board was a rise of abdominal pres 
sure Raising head gave sometimes rise and sometimes fall: a rise if under 
ight nareosis and a fall if under deep narcosis Effect of manual pressure on 
ibdomen noted \ fatal dose of strychnin nitrate killed the animal by gradually 
nereasing muscular spasm and with a steadily rising intra-abdominal pressure 
the 


The pressure in the abdomen was positive throughout the experiment and 





Fig. 1] Effect of raising foot of dog-board 6 inches (Experiment 16, April 
1), 1905 A, pleural bas B, pleural pressure C, abdominal pressure 1) 


ibdominal base: E, time in fifths of a second Reduced to two-thirds 


thoracic pressure was negative The earotid pressure fluctuated slightly, coinci 
dent with the rise and fall in abdominal pressure ( Fig. 11 

Experiment 17 April 21, 1905: Test of abdominal pressure on an etherized 
it showed a fluctuation between 2 and 5 mm.,. by a glycerin-and-water manometer 
sp. gr. 1120 

Experiment 18 April 22, 1905 Dog. 5.5 kilos ether, tracheotomy. carotid 
innula Abdominal pressure positive except on deep narcosis. Raising hind end 
f the animal always caused rise of abdominal and carotid pressure Raising of 
ead end caused fall of both pressures The recording abdominal trocar was in 
the costal angle just below the free edge of the liver Another cannula connected 


vith a mereury manometer and an air-pressure bottle was then inserted in the 
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mid-line as near the bladder as possible. Air was blown into the abdomen through 
the second cannula on three occasions, and the change in abdominal pressure 
was instantly recorded through the upper cannula. Each rise of abdominal! 
pressure was accompanied by a rise in the carotid pressure. The slightest increase 
or alteration in the abdominal pressure was recorded equally by the two man 
ometers in the abdominal cavity. The abdomen was then distended until 40 mm 
water was recorded. Curare (4 eg. Eimer and Amend) was injected subcuta 
neously. and in sixteen minutes death occurred with a gradual fall of both carotid 
and abdominal pressures (Fig. 12). 

Experiment 19.—March 5, 6, 7, 1907: In the course of three class demonstra 
tions on the musculature of respiration, it was noted in the case of three ether 
ized dogs that on section of the spinal cord at the level of the sixth cervical ver 
tebra, the abdominal pressure suddenly rose. This was due to the sudden cessa 
tion of the negative thoracic pressure owing to paralysis of all the intercostal 


muscles, and to the increased contraction of the diaphragm on spinal irritation 





Fig. 13 Pressures under normal conditions in moderate ether anesthesia 
Experiment 22, May 20. 1907) A, carotid pressure; B, abdominal intraperi 
tonea pressure; C, abscissa; D, time in fifths of a second; EF, in intrapleural 
pre ire Reduced to two-thirds 
That this increase in abdominal pressure is due to diaphragm action, and not to 


the inerease of blood content in the abdomen as a result of abdominal vasoparesis 
is proved by its sudden onset and its persistence at the same level. On cutting the 
cord at the level of the second cervical vertebra, the abdominal pressure droppe 
it once to zero, and did not vary at all thereafter, although the cardiac contra 


tions continued to register slight fluctuations in the thoracic pressure 


Experiment 20 April 2, 3, 4, 1907 Three calves were tested as in Marcel 
1905, and by the use of light anesthesia it was found that the abdominal pressure 
in en instance varied between 3 mm. and 10 mm. of water-pressure 

Earpe ent 21 April 10, 11, 1907: Two dogs under ether, registered from 2 


to 10 mm. water pressure in the abdomen After the skeletal muscles had been 
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: 
paralyzed by the use of curare, the pressure fell to zero and thereafter even tl 
pressure necessary to distend the lungs by artificial positive pressure respiration 
failed to cause a rise in the abdominal pressure, since the paralysis of the abdom 
inal wall muscles was as complete as the paralysis of the diaphragm, thus allow 
ing flaccid distention and retraction of the abdomen with each respiratory cycle 
In light narcosis abdominal pressure, +2 to +10 mm. aq 
In deep narcosis abdominal pressure, +2 to +4 mm. aq 
‘ After curare 10 mm.) abdominal pressure, 0 to 1 mm. aq 
4 Artificial respiration, 0 to 0 
Hy One hour after death, 0 
Experiment 22.—May 20, 1907: Male dog, 9 kilos Ether; tracheotomy 
carotid cannula to mercury manometer. Intra-abdominal cannula to water man 


ometer. Intrapleural cannula to water manometer tase line and time record in 
half seconds. All three manometers were arranged to write from the 


line, and from the same perpendicular on the drum 





same base 
and when the experiment was 


ace eB A Shy IL tee tok gp 


mak: 








Fig. 14.—Effect of inflation of abdomen with air. 


on carotid, intra-abdominal! 
and pleural pressures (Experiment 22, continued). A, 


earotid; B, abdominal 


(, abseissa; D, time in fifths of a second; E, pleural. Reduced to two-thirds 


finished all three recording needles returned to the same point on the abscissa 
except the one on carotid manometer, which was | mm. out of line Records 
were made of normal conditions and variations due to inflation of the abdomer 
and during artificial respiration (Figs. 13 and 14 

Experiment 23 May 21, 1907 Three vigorous 


under ether. Their weights and respirations were 


Weights 
4 3300 om. 
$§«6©4300 gm. 
( 3640 g 


well-developed cats were put 


as follows 


Respirations 
34 to the minute 
34 to the minute 
n 34 to the minute 


Into the abdominal cavity of each, 100 ¢.c. of 0.7 per cent. sodium chlorid solution 


Was put by trocar This amount increased the diameter of the abdomen 1 em 
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and did not increase abdominal pressure. In B the abdomen was opened by a 10 
em. incision in the mid-line In © sufficient air was blown into the abdominal 
cavity to distend it 5 em. in diameter. The three cats were kept under the 
lightest possible narcosis for an hour and as no manipulations were under way, 
they lay motionless. At the end of that time the abdominal cavity of each was 
opened from pubis to ensiform, and all the fluid from the abdominal cavity was 
collected in a basin over which the animal was inverted. It was found that A 
(under normal conditions) had absorbed 0.01066 of its weight of saline solution 
in the hour, B 0.00581, and C 0.00684. 


1 


The object of this test was to illustrate the importance of maintaining 
as nearly as possible normal conditions of pressure within an abdomen, 
for the sake of assisting in the return flow of lymph and chyle from the 
abdomen to the thorax. Whether normal pressure 1s exceeded as in the 
rigil abdomen of acute peritonitis or in ascites, or whether there is a loss 
of normal pressure as in enteroptosis or after abdominal operations or 
abdominal paracentesis, there is a delay in absorption. 

Experiment 24.—May 23, 1907: Dog, 6 kilos. Ether, tracheotomy. Carotid 
pressure recorded by mercury manometer. Abdominal pressure recorded by water 


c 





Fig. 15.—May 23, Experiment 24. I. Normal record before section of phrenies; 


I], effect of faradization of both phrenics in continuity. A, carotid; B, abdom 


inal; ©, abscissa; D, time in fifths of a second. Reduced to two-thirds 


ter Phrenic nerves isolated deep in neck Normal record taken and then 


manome 
phrenic nerves stimulated, showing rise of intra-abdominal pressure and fall in 
carotid pressure rhe phrenic nerves were cut as far down as possible, and a low 
pressul recorded Under deep narcosis after section of the phrenic nerves, the 


} 


respiratory variation in abdominal pressure caused by the thoracic expansion was 


ilmeost hile during light nareosis the tone of the abdominal wall muscles 
is flicient to develop some resistance ind the fluctuations of abdominal pres 
sure became distinct and prominent in spite of the paralysis of vw diaphragm 
Figs 8 
j , ent 25 Mav 24. 1907: Dow. 7 kilos Local coeain anesthesia in mid 
minal line just above the umbilicus lroecar inserted and pressure read at 
> me | a water-and-glvcerin (sp. gr. 1160) manometer After | had assured 
mvself } i number of readings that this was a normal pressure for this animal 
‘ > mm. in expiration and 10 mm. in inspiration, 2 e.c. of dilute hydrochloric 
T ere injected directly into the abdominal cavity Instant and marked rigidity 


f the abdominal muscles resulted The pressure fluctuated between 15 and 20 














ad 





t 
1 
a 

Fig. 16—Experiment 24, continued. 1 normal before section of phrenics 
i . —_— 
; ll, effect of faradization of both phrenics in continuity Note slowing of respira 
} tion between crosses after fatigue of diaphragm 4. B.C, and D as in Figure 15 


Reduced to two-thirds. 


L 





Fig. 17 Experiment 24, continued Effect of prolonged faradization of both 
phrenics immediately after section of both phrenics Electrodes on distal stumps 


A, B, ¢ ind D as in Figures 15 and 16. Reduced to two-thirds 
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mm. The dog was then chloroformed, and during the narcosis the body was 
immersed in water and an opening 10 em. long was made in the abdomen under 
an inverted bell jar full of water. Only a few bubbles of air that were retained 
in the clamped tube connected with the cannula escaped, and no gas appeared in 
spite of complete evisceration into the bell jar. The animal was killed by chloro- 
form. 

CONCLUSIONS 


It was apparent that under normal conditions the viscera completely 
fill the abdominal cavity. 

The contraction of the diaphragm is the chief, if not the only factor 
in the normal rise in pressure during quiet inspiration. 

Debilitated states show a low pressure. 

Ether anesthesia causes a gradual drop in pressure, until with com- 
plete loss of muscular tone, the pressure reaches zero. 

Curare likewise causes a progressive fall to zero pressure. 

Asphyxia develops great rises in pressure during inspiration until 
muscular relaxation allows a drop to zero just before death. 

Excessive pressure artificially produced within the peritoneal cavity, 
causes death from cardiac failure before the obstruction to respiratory 
excursion has developed a marked asphyxia. 

Summing up the results of the foregoing experiments it will be 
granted, I think, that it is normal in the animals tested to exhibit a 
pressure within the free abdominal cavity which is above atmospheri: 
pressure. This true positive intra-abdominal pressure is seen to fluctuate 
with the respiratory excursion of the thorax and diaphragm. This pres- 
sure is seen to depend on the contraction of the diaphragm, and the tone 
or the active contraction of the abdominal wall muscles, including the pe! 
vie floor, acting from relatively fixed points of the thorax, pelvis and ver- 
tebral column. Whatever diminishes or abolishes the tone of the dia- 
phragm and abdominal muscles, causes a fall in the positive abdominal 
pressure. If at the same time the thoracic expansion is active, there wil 
be a fall of abdominal pressure below atmospheric pressure. If at any 
time the tone or activity of the diaphragm and abdominal muscles is 
increased, whether the thoracic expansion is diminished or normal, th: 
abdominal pressure will rise above its usual positive points, 

The tone or contractility of the abdominal muscles must persist or the 
pressure will fall to atmospheric or below. Distention of the abdomen, 
by fluid or gas, raises abdominal pressure. 

The pressure recorded at any point in the abdominal cavity is equiv- 
alent to the pressure at the same moment at any other point in the cavity. 

The normal moderate positive pressure is better for absorption of fluid 
from the peritoneal space than atmospheric pressure, and a fortiori, a 
pressure below this, or than a pressure much above atmospheric pressure. 


Pressure much above the normal intra-abdominal pressure causes a fal! 
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in general arterial blood-pressure, due apparently to diminished venous 


inflow through the inf 


lor cava, and a resultant diminution of systole 
output from the left ventricle. 

The questions at once come to mind as to the neuromuscular mec] an- 
ism that maintains this pressure, and as to what useful purpose this posi 
tive or supra-atmospheric pressure within the abdominal space serves, for 


it would be contrary to all experience that any force should be found to 


exerted by an animal organism that did not serve some good end. Is 


this pressure a waste or by-product of necessary muscular activity serving 
other purposes, or is it of itself helpful in the body economy? Paralvsis 
f the abdominal muscles and of the d aphragm experimentally, abolishes 
the positive abdominal pressure The action of the diaphragm is under 


the direct control of th 


respiratory center, and to a lesser degree the same 
center controls the abdominal wall muscles. Schaefer states that the ton 
of the abdominal muscles is maintained by the respiratory center 

The descent of the diaphragm meets for its main resistance the jon 
of the abdominal muscles. If, as seems probable, the respiratory center 
allows of a diminished tone of the abdominal muscles during inspiration. 
and maintains a greater tonicity during expiration, then the expansion of 
the lungs would | 


ve accomplished by the minimum of effort, and their 
it) 


lapse ensured by prompt recoil on the part of the elastic and slightly 


stretched abdominal walls. Whether this can be definit proved by 
animal experiment or not, the clinical facts are abundant to show that a 
relaxed or paralytic condition of the abdominal walls, as in transverss 
laceration of the spinal cord (Hogge), or after pregnancy, removal of 
tumor mass, or ascitic fluid, or in extreme splanchnoptosis, or in a milder 
legree after removal of corsets in one who is habituated to thei: support. 
r in cases of pleural exudate, will cause a more or less severe objective 
and subjective dyspnea. In spite of the fact that the diaphragm has less 
resistance to contract against in these conditions, there is really a dimin 
shed respiratory excursion, for expiration is only partially accomplished 
owing to the failure of the abdominal recoil. 


If, on the other hand, there is ¢ xcessive intra-abdominal pressure the 


avs an 


litticulty in breathing is even more marked. and this often ) 
mportant role in the circulatory emergencies in infectious diseases where 
meteorism, abdominal distention and interfe rence with the descent of the 
liaphragm may determine cardiac failure. The function of intra-abdom 
inal pressure as regards respiration is then to offer but slight resistance 
to the descent of the diaphragm during the Inspiratory phase, and assist 
promptly in the ascent of the diaphragm when it is relaxed, thereby 
assisting In the rapid and complete emptying of the lungs during the 


expiratory phase. Pressure as high as 45 em. aq. in the abdomen will 


usually kill a small anin al, cat or rabbit, by fatigu ng the diapl ragm, as 
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1! 


well as by diminishing venous return to the heart (allowing of asphyxia). 
The maintenance of a slight positive pressure in the abdomen assists the 
circulation by aiding the return of venous blood to the thorax. Abdominal! 
pressure is below the pressure in the femoral veins (5.4 mm. Hg accord- 
ing to Opitz), even at the height of inspiration, and the highest abdom- 
inal pressure is not as high as the pressure in the portal vein (8.9 mm. 
Hy according to Opitz). The normal conditions of pressure within the 
abdomen do not hinder the return of venous blood, and it is to be noted 
that at the time when the abdominal pressure ts highest and might tend 
to hinder venous flow, the suction exerted by the thoracic expansion is 
at its maximum. 

Any marked loss of abdominal tone is recognized clinically as a con- 
tributing cause of venous stagnation in the abdominal viscera, and tis 
means a delaved or insufficient venous return to the right heart, a dimin- 
ished output and a fall in arterial pressure, or a pressure maintained only 
at the expense of greater cardiac action. In general it may be stated that 
a lack of normal abdominal pressure is a contributing cause of general 
arterial low pressure. On the other hand increase in abdominal pressure 
will usually serve as an increased peripheral resistance, and cause a ris 
in blood-pressure as long as the heart is competent, but this higher pres 


} 


sure which is necessitated by the obstruction to the arterial and venous 
flow will, if persistent, cause cardiac fatigue and serve as a direct cause 
of overloading the heart muscle, with more or less serious results. The 
palpitation, the precipitation of Incompetence in a previously competent 
heart, the onset of irregularity of force and frequency in heart action as 
a result of distention of the abdomen with gas or fluid, as in typhoid 
fever, ascites, or peritonitis, are evidences of the interference with the 
heart action by overloading the resistance in the splanchnic area. Relief 
of the laboring heart is constantly seen after removal of ascitic fluid. It 
is well to note, however, that withdrawal of the fluid although it relieves 
the obstruction in the circulation, also removes a certain support which 
the veins had, and unless some artificial support is provided, as by a 
binder, the sudden drop from a high abdominal pressure to atmospheric 
pressure or below, may cause further disturbance in both respiratory and 
circulatory functions. 

The flow of chvle from the abdomen to the thorax is largely deter- 
mined by the suction exerted by thoracie expansion, and this is materially 
assisted by the coincident rising pressure in the abdomen, the same mus 
cular movement of the diaphragm which sucks the chyle to the thorax 
pressing it out of the abdomen. Insufficient or abnormally low abdominal 
pressure allows of a less advantageous condition of lymph flow. Increased 
pressure will tend to collapse the tender walls of the lacteals and the 


receptaculum chyli, exposed as they are without the support of surround- 


ing tissue 
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The inefficient absorption in relaxed abdominal conditions, as after 
abdominal operations, if sufficient support is not given by artificial means, 
and the improved absorption after a portion of ascitic fluid is removed, 


parallel clinically the experiment in absorption as described above. 


i 
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THE EFFECTS ON BLOOD-PRESSURE OF INTRAVENOUS 
INJECTIONS OF EXTRACTS OF THE VARIOUS ANA 
TOMICAL COMPONENTS OF THE HYPOPHYSIS 


DEAN LEWIS, M.D., JOSEPH L. MILLER, M.D., ano S. A. MATTHEWS, M.D 


CHICAGO 


his work was undertaken with the hope of determining the origin 


e pressor substance in the hypophysis and its mode ¢ 


secretion, and 


conciling, 1f possible, the divergent views concerning the depressor 
substance in the anterior lobe. 

The ox hypophysis was used in making the extracts because the pars 
ntermedia is sharply demarcated from the pars nervosa and can be cut 
away from the latter without taking nervous tissue with it (Fig. 1). In 
reparing the extracts an attempt was made to isolate the different por 
tions of the gland in as pure a condition as possible The anterior and 
posterior lobes were separated in the usual way by Inserting scissor points 
n the depression anteriorly which indicates the position of the hypo 
phvysial cleft and by then cutting along the margins of the cleft until the 


separation was completed. The cleft is frequently filled with a rather 


} 
tT} 


ick colloid. The colloid appears m the form of thin platelets and but 
small amount is obtained from a relatively large number of glands 
There is almost constantly found within the cleft a small amount of thic! 
ellow fluid which adheres to the surface of the knife or scissors and can 

scraped off from the epithe lial surfaces bounding the cleft This fluid 
as the same physical properties as that obtained by curetting the epithe- 
il covering of the posterior lobe. It is probably secreted by the cells 

e pars intermedia Whether the colloid found in the cleft is a th 
ened, hard stage of the fluid just mentioned, we are not prepared to sa 
We have never been able to find any evidence of an antecedent 


tion in the cells of the pars intermedia which resembles the c 


ny in the cleft or the hyaline bodies described by Herring. Cysts whicl 
can be seen with the naked eye are rare. We have examined over 1,200 
nds in making extracts and have found but two large cysts \ colloid 


ke material is frequently found in the lumen o 


the fiand-like tubules 
he pars intermedia. 
\t the margins of the hvpophysial cleft, the cells of pars inter 


media are grouped so that a distinct mass of gland-like tubules is formed 


(Fig. 2). The transition between the pars intermedia and the anterior 
? 


left is quite abrupt but the anatomical relations 


it the margin of the « 
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are such that tissue with the histologic characteristics of the pars inter- 
media remains attached to the anterior lobe in the process of separation 
usually employed, The cells of the anterior lobe adjacent to the cleft 
have many of the histologis characteristics of those of the epithelium 
covering the posterior lobe, and we believe that the form and staining 
properties of these cells suggest that they may belong to the pars inter- 
media and that the hypophysial cleft lies within the pars intermedia, 
rather than between it and the anterior lobe. 

In the method usually employed In separating the two lobes of the 


pophysis masses of cells belonging to the pars intermedia remain 


hi 


attached to the anterior lobe at the margins of the cleft and a fringe of 


tissue with all the physical properties of the pars intermedia can often be 





Fig. 1 Section through the posterior lobe showing relation of the pars inter- 
media to pars nervosa, ‘The pars intermedia at this level—middle of infundibular 
lobe—has a glandular structure. In the ox it is sharply separated from the 
subjacent nervous tissue. In man, cat, and some other animals the cells of the 
pars intermedia are seattered throughout the pars nervosa, some of the cells 


extending almost to the infundibular canal 


removed from the margins of the lobe. This tissue contains none of the 
elements of the pars nervosa and therefore represents the pars intermedia 
in its purest form. 

We have examined the effects of intravenous injections of the follow- 
ing extracts with the view of determining the origin and mode of secretion 


of the different substances acting on blood-pressure. 
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1. Extracts of the entire anterior lobe. 


2. Extracts of the part of the anterior lobe away from thy 0 sia 
ett. 

3. Extracts of the part of the anterior lobe immediat uljacent t 
e clelt. 


!. Extracts of the entire posterior lobe 


5. Extracts of the pars intermedia. 





Fig. 2.—-Section through the hypophysis 


at margin of the cleft, showing the 


pars intermedia and zone of transition between it and the anterior lobe The 
cleft is bounded at the sides and to the front by the pars intermedia The entire 
interior boundary of the cleft is formed by cells which resemble more closely histo 
logically those of the pars intermedia than those of the anterior lobe Groups of 


cells belonging to the pars intermedia remain attached to the anterior lobe at the 
lobe \. pars intermedia 


margin of the cleft after separation of the posterior 
B. cleft C, group of cells belonging to pars intermedia at margin of 


D. anterior lobe containing a few dark granule cells 


the 


6. Extracts of the fringe of the pars Intermed 


remains attached to the anterior lobe at the margins of the cleft 


separation of the lobes. 


lia, wha real 


cleft 


Magnification 110 diameters 
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7. Extracts of the pars nervosa entirely freed of the pars intermedia. 
8. Extracts of the stalk uniting the infundibulum to the floor of the 


entri le 


9. Contents of cysts in the 


! } 
ved from the clef 


pars intermedia and the thick colloid 


The material with which we worked was obtained fresh from Armour 


were killed in the forenoon and 


x Co Phe catth the hvpophyses were 
immediately to the 


ed, packed in ice and taken laboratory. ‘Thi 
= done to avoid the possibility of error due to putrefactive changes, for 





Fig. 3 Effect of intravenous injections of 0.17 gm. fresh anterior lobe in a 
ov weighing 3 kilos 


Schifer and Herring state that any active properties in the anterior lobe 
ie to post-mortem changes. 
The amount of fresh gland substance to be used was weighed and then 
nto small pieces which were mixed with white sand and thoroughly 
ound into a fine pulp in a mortar. Normal salt was then added to 
f 


mixture to make the solution. The sand and tissue particles wer 
filtration. In 


re extracted with acidulated water, the 


removed by sedimentation or 


some instances the glands 


solution being neutralized. In 
ases the extracts were made from glands cut into fine pieces whicl 
were dried in a hot-air blast or 


} 
il 


a thermostat. The glands were dried to 


yin! ‘ dakal dy Mw abel Pell yi WN GON sy ds Hebd ye Mui 


NUP RA? 
ri blil 

‘ w/ 
Oe 


. 





‘ 
Fig. 4 Injection of extract made from 2 gm. of the anterior lobe In most 
nstances the primary fall in pressure was greater than shown here. 


ivoid putrefactive changes. The dried material was extracted either with 
normal salt solution or with alcohol to remove the depressor substance; 
he residue, from which the aleohol had been removed by evaporation, 
en extracted with normal salt solution. 
Dogs weighing 6 to 10 kilos were used. The injections were mad 
femoral vein, the blood-pressure tracings being taken with a mer 
anometer connected with 


a carotid cannula. In all about sixty 
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dogs were injected. The animals were thoroughly etherized. Any chang 


in blood-pressure which might possibly be due to anesthesia were carefu 
excluded. While many animals received several injections only the result 
of the primary injection were recorded, as Howell has shown that when 


two injections are made with but a short interval between, the effect of the 


second 1s much less intens The amount of g! 


and substance used an 


changes In pressure are recorded in the tables 


the CNACI 


EFFECTS OF EXTRACTS OF THE ENTIRE ANTERIOR LOBI 
Saline extracts of the fresh anterior lobe. boiled extracts and extract 
from dried portions of the gland were emploved Following the inject 


there was usually an immediate fall in pressure. This fall in many case 


was followed by a rise. Two readings were taken, one immediately afte: 


the injection and one at the time of the maximum rise, usually wit ! 
two minutes after the injection 
Nine animals received injections of fresh unboiled preparations 


the entire anterior lobe. In two of these animals the blood-pressure afte 





Fig. 5 Blood-pressure curve after injecting a saline extract made from 0 


om. of fresh ox brain. 


] 


the fall did not return to the level existing before it In three of t 


animals the pressure mounted considerably above the level existing b 


the primary fall—15, 32 and 58 mm. respectively. This increase contin 
ued for several minutes, the pressure gradually returning to the primary 
level. In some instances considerable bradveardia was noted during the 


1 } 


rise. This rise was not, however, necessarily associated with slowing o 


the pulse. In the animal that succumbed to the injection, there was 


marked slowing of the pulse, the heart finally stopping while the respira 


tions continued quite normally for more than a minute. When injections 
were repeated at intervals of two or three minutes, the succeeding falls i 
pressure grew less after each injection, the results resembling in this wavy 
those following injections of the depressor substance of the posterior lob 
Characteristic pressure curves are shown in Figures 3 and 4 


Two animals received injections of 0.68 and 1 gm. respectively of a 


ywiled extract of the anterior lol. As in the preceding experiments 
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there was a temporary fall in pressure succeeded by a rise above the pre- 
vious level of 12 and 14 mm. respectively. 

Three animals received injections of extracts made from dried pieces 
of the anterior lobe. In two of the animals there was a primary fall 
followed by a rise of from 10 to 18 mm. of mercury. In one animal the 


rise occurred without a primary fall. 
fourteen animals being used 


In thirteen of the 


In 53 per cent. of the cases there was 
mate rise in blood-pressure of 10 mm, or more. 


fall. A rise of 10 mm. is very slight. but 


anu 
animals there was a primary 
after injections of extracts of brain (Fig. 5) the rise following the pri 





—0.21 gm. of 





at first x mark 0.5 ex 


received 
second x shows the 


Fig. 6 Dog weighing 7 kilos 
dried anterior lobe with depressor substance removed The 
effect of injecting 0.63 om. of the same 


is at most to the previous level In a few of the animals the 


ressure was so decided as to leave little doubt that extracts of 
entire anterior lobe may give a pressor reaction. The depressor su 
s so powerful that its effect predon nates most cases, 


i 


stance, however, 
When an animal received repeated injections at short intervals each su 
less rise and less fall in 


pressure, until fina 


! nyection caused 
J 





Fig. 7 The first x indicates an injection of 1 c. t om. of aleoholie extract 
' ' ' . 
oste lobe, representing the depressor substance the second xX, 4 ¢.c. of same 
, nistere t ‘ cimning ‘ ‘ thre I 
© olvel ne t essure ‘ Howe @ 
ae < ~ ~ were ' ! =f “ ! 
\ ~ 2s i ‘ <s ! ‘ - 
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The presence ota de pressor substance, the existe nee of whi has ce nie d 


by Schafer and Herring, can be demonstrated almost constantly in fresh 
glands extracted with salt solution It has the characteristics of the 
depressor substance which is found in other tissues 

It was thought that if this depressor substance, which is soluble in 
alcohol—the pressor substance is not—could be removed, a more marked 


v elicited by extracts of the anterior lobe 


and constant effect might 
With this in view, the fresh anterior lobe, thoroughly washed to free it 
from any adherent secretion from the posterior lobe, was dried by expo 
sure to the hot-air blast. The dried gland was thoroughly powdered and 
extracted with alcohol, the insoluble residue then dried and extracted 
with normal! salt. The normal salt extract thus obtained should be fre 

the depressor substance. A solution containing the extract from 0.2 
gm. of the dried anterior lobe prepared in this wav gave a sharp rise in 
pressure without a preliminary fall, the rise being maintained for several 


minutes as indicated in Figure 6. A second injection after the lapse of 





Fig. 8.—Injection of 2 ¢c.c—=0.8 gm. of anterior portion of anterior lobe with 


epressor substance removed Injection given slowly, the crosses marking time 
consumed in making the injection 
“IX minutes gave a characteristic rise The urve corresponds quite 
sely to curves from extracts of the pars intermedia whi will be given 
The aleoholic extract after evaporation—the resid wing dis 
solver n salt solution and injecte rave niform a fall in’ pres 
vithout a subsequent rise (Fig. 7). 
\s that ortion ¢ the anterio ! to the eleft . 
Y the pars intermedia Herrit 2 Of 
! t SeCTE ! T the : t ! 
mediate ounding 
= t  ¢ 
“ e oma 
re ‘ ’ 
—~s TY 7 
~ j ft? 
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During the process of separation of the anterior from the posterior 


obe a fringe of tissue with all the physical properties of the pars inte1 


media frequently remains attached to the anterior lobe at the margins 


of the cleft. An extract of this fringe previously extracted with alcohv 
gave a decided pressor reaction (Fig. 10). This demonstration of a 


pressor substance in the anterior lobe confirms the work of Hamburger 


concerning the secondary rise after the primary fall caused by the inje« 





Fig. 9.—The first x indicates injection of 0.5 ¢.c—0.2 gm. of dried posterior 
portion of anterior lobe with depressor substance removed; the second x, 1 c.c 


ot same 


tion of extracts of the anterior lobe and Franchini’s results with FE 

mann’s test. That these results have not been noted more frequently Is 
due, we believe, to the existence of a depressor substance which counter 
acts the pressor. The pressor substance is evidently confined to the part 


of the anterior lobe adjacent to the cleft—in that part containing cells 


belonging to the pars intermedia. 





Fig. 10 Injection of 2 ¢.c. extract from epithelial fringe on the anterior lobe 


which histologically is pars intermedia 


EFFECTS OF EXTRACTS OF THE ENTIRE POSTERIOR LOBI 


Nine dogs received injections of extracts of the entire fresh posteriot 
lobe In almost everv instance there was a marked fall in blood-pressurs 
of about the same degree as has been noted after injections of the sam 
amount of the anterior lob. Following the fall in pressure there was a 
ual rise, which in 55 per cent. of the cases exceeded the previous leve 
In 33.1/3 per cent. of the animals the blocd-pressure did not return t 
the previous level Very marked slowing and irregularity of the heart 
occurred in most cases. Rarely was there any disturbance of respiratio 


although decided slowing was noted in a few instances. 
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When we compare these results with those of corresponding prepara 


tions from the anterior lobe, we find that 33 1 > per cent, of the animals 
receiving injections ol the anterior lobe reacted by a mean 


32 mm., while 55 per cent. of the animals receiving extracts of the 


entire posterior lobe reacted by a mean rise in pressure of 29 mm. The 


failure of a constant pressor effect renders these results different from 
those of Howell and Schifer. ‘T'wo tvpes of reaction are shown in Fig 


ures 11 and 12. 
The majority of tracings trom extracts of the post 


sudden sharp rise in pressure immediately after the injection, 


a sharp fall: the first effect is apparently due to the action of the pressor 
substan suit this is almost invariably overcome by the depressor sub- 
stance. This primary rise was not observed after injections of the ante 
rior lo 

| T | al ] ater aT { tl 


‘| primary fall in pressure was n 


, 

f 

f 

, 
/ 





Fig. 11 At the first x, an injection of 0.2 gm, fresh posterior lob« at the 
second x, a second injection of 0.4 gm. During the primary fall a slight transi- 


tory rise is noted. 


the effects of injections of dried preparations of the anterior lobe. Appat 
ently the depressor substance is partially destroved by drying. 
Five animals received injections of a boiled extract made from the 
fresh posterior lobe. Onlv one gave evidence of a pressor substance, 
EFFECTS OF EXTRACTS OF THE PARS INTERMEDIA 
The pars intermedia in the ox forms a distinct layer of tissue which 


may be cut away from the pars nervosa, if care is exercised. With mani- 
cure scissors thin pieces of vellowish tissue were cut away from the surface 
of the posterior lobe bounding the hypophysial cleft. Only the superficial 
layers were removed with the idea of keeping away from the subjacent 
pars nervosa, which can easily be recognized by its white or reddish-white 
color. 

In some instances the surface of the pars intermedia was scraped with 
a small curette, the yellowish fluid filling the cup of the curette being 
dissolved in salt solution, to which it gives an opalescent appearance, 
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The thin pieces of tissue which were removed from the surface of the 


pars intermedia were dried and in the later experiments were extracted 


with alcohol before the saline extracts were made, because a depressor 


effect similar to that in the anterior lobe was observed after some injec- 
tions of the saline extract without previous extraction with alcohol (Fig 
13) \ mean rise of 22 mm. occurred in 43 per cent. of the animals 
after injection of the pars intermedia. The pressor effect caused by the 


injection of extracts of the purest form of the pars intermedia—the fringe 





big. 12 At x. Injection of 0.5 gm. boiled posterior lobe Upper curve carotid; 
| urve shows sle ing of respiration 
! the ante t - arat n tive wo ( = | 
s ] iss wit ~ n thre 7 ( 
ly ‘ ; ; ' 
i ( HStahces nN s 1 ( irs tern i : 
( ul t mat rt ssolved 1 ( irge a unts 
tion! esult except an increase in the amplitude t ruts 





Fig. 13.—Injeetion of 0.018 g 


m. dried pars intermedia with depressor substance 


wave followed the injection. After evaporation 


if the salt solution and 
washing with alcohol, a more concentrated saline solution gave a typical 


pressor reac tion, 


EFFECTS OF EXTRACTS OF TILE PARS NERVOSA 


In making extracts of the pars nervosa, the vellow, overlying pars 
intermedia was cut away and in order to be sure that none of it remained 


considerable portions of the pars nervosa were sat rificed. As some of the 


ae 


es 


——— 
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material covering the surface of the pars intermedia adhered to the scis- 
sors, these were frequently washed and the parts of the gland removed 
were hurriedly washed in salt solution with the idea of removing anv of 
the secretion of the pars intermedia that might have adhered to the sur 
face of the part to be used for injection. 


Four animals received injections of extracts of the pars nervosa, One 
half of these reacted by a mean rise in pressure of 30 mm. The rise in 
pressure was more marked than that following the injection of extracts 


of the pars intermedia (Fig. 14). 


Several intravenous Injections were made with an infundib r extract 
t on the market by Burroughs, Wellcome & Co An amount equivalent 
to 0.2 om. of the fresh gland pro nt e san elfect as cs ) 
( 1 ma ed 1 Nn pressul \\ 1 ora { hn to ‘ ! : 
evel or somewhat vher (Fig, 15) Occasiona mal enct \ 
ma rise without a secondat i 





Fig. 14 Dog 6 kilos received 0.9 om. fresh pars nervosa of the posterior lob 


LEFEE s OO} IN.IECTIONS OF ENTRACTS O} Pil I - Os\A AFI 
\'1 ACTION WHI ALOCOTLO! 

\n iitempt was made t remo ‘ ‘ essor s stan ) thy 7 
nervosa ) lirst extracting t wit 1 \ sma Se 1 Sali 
xtract the resid equivalent to 0.2 em. of the s nervosa 
ive 1 rise In pressure without a preliminat 1 | the dosage W 
increased in 0.6 on there was an abrupt, rapid rise wit 1 secondal 
il » the level at which t experin t was started and then a gradua 
rise to the same or a higher level, as previous noted by Howell. The 


ary rise continued for some time, 

The fall, after the primary rise, is not observed after the injection of 
extracts of the pars intermedia or of the anterior lobe. The fall in pres- 
sure is coincident with marked weakening of the heart, but not neces 
sarily with slowing. Coincident with the secondary rise there is evidence 
of an increased systolic output with very decided slowing of the pulse 
which continues for several minutes. Atropin relieves the slowing. The 
substance producing this fall—after the primary rise—is insoluble in 


alcohol and thus differs from the depressor substance found in the pars 











196 THE {1RCOHIVES OF INTERNAT VEDICINE 


intermedia and anterior lobe, and on account of its insolubility in alcohol 


may be considered specific in character, as the depressor substance nor 
ma present in nervous tissue can be removed by extracting with alcoho! 

With the pressor substance obtained from the part of the anterior lobe 
adjacent to the cleft and from the pars intermedia we were never able to 
obtain such a powerful effect on the pulse-rate and it seems not improbable 
that the pars nervosa contains a specific substance which produces It. 

It is evident from the results which have been given that both the 
pars intermedia and pars nervosa contain a pressor substance. It is 


iighly improbable that tissues which differ so markedly histologically 





Fig. 15 Injection of 1 e.c. Burroughs, Welleome & Co.’s infundibular extract 
equivalent to 0.2 gm. Dog 7 kilos 
: ild secrete the same pressor substance. We believe that the pressor 
substance is secreted by the pars intermedia. It exerts its effect, how 
ever, without coming into contact with the pars nervosa, and does not 


need to be activated as suggested by Cushing. 
We do not believe that one can say whether the pressor substanc 
passes into the pars nervosa by way ol the blood-stream or the hvaline 


bodies. The latter do not form a striking picture in the histology of the 





Fig. 16 Injection of extract made from 0.3 gm. of the fresh stalk. 


ox hy po yhysis, and besides we shall later adduce evidence which we believe 
po} 
will show that these pressor substances do not pass by way of the stalk 
I I . 


into the third ventricle. 


EFFECTS OF INJECTIONS OF EXTRACTS OF THE STALK 


If the hyaline bodies which Herring believes contain the pres sub- 
stance pass into the third ventricle where they become mixed with the 


cerebrospinal fluid, we believe that the pressor reaction should be obtained 
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from extracts of the stalk through which these bodies must pass to reach 
the third ventricle. Cushing and Goettsch have recently called attention 
to the presence In the cerebrospinal fluid of a substance which gives the 
same pressor reaction as extracts of the posterior lobe, indicating that th 
active principle of the posterior lobe is actually secreted into the 


ventricular cavity. 





Four dogs each received 0.3 gm. of the fresh stalk extracted in salt 
solution, the amount of solution injected vary) from 4 to 10 ex In 
each instance there was an immediate fall in blood-pressure averaging 35 
mm. This was followed by a gradual rise to the previous level but never 


. NDS Saad . 
Se ttt ae RUNNERS 





Fig. 17.—Injection of contents of a eyst of the pars intermedia 0.5 c.c. 


above it. The pulse and respiration were unaffected (Fig. 16) The 
results resemble those obtained by injecting extracts of parenchymatous 
organs. 

Several experiments were made with extracts of stalks which were 
dried and extracted in alcohol, the residue being dissolved in salt solution. 
When the depressor substance was removed, injections of the saline extract 


had no effect whatever. 





Fig. 18.—The effect on blood-pressure of injecting an extract from the colloid 
found in the cleft. 


1 


The results of these injections were carefully watched because of the 
importance which has recently been attached to the hyaline bodies 
described by Herring and to their peculiar mode of secretion. As pri 
viously stated, Cushing and Goettsch have attributed an hypophysial origin 
to the pressor substance in the cerebrospinal fluid and state that it 
is obvious from the distribution of the hvaline that the infundibular wall 
must be as active as the pars nervosa, for it often contains a large amount 


of hyaline. 
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In the ox, at least, there is a distinct break in the path of secretion 
of the pressor substance from the pars nervosa to the third ventricle and 
we believe this to be a strong argument against Herring’s theory, which is 


based on histological findings. 


EFrecrs ON BiLoop-PRESSURE oF INJECTIONS oF EXTRACTS OF VARIOUS PORTIONS 





or THE HyporHysis 
—— Blood Pressure — 
Part of Amount Quantity Before Imme- After 1-2 
Gland Used of Fresh of Fluid Inject diately Minutes 
Gland ing After 
gm. ¢.c. ' 
Entire anterior lobe 0.30 10.0 110 98 110 ' 
Entire anterior lobe 40 10.0 140 36 88 f 
Entire anterior lobe 0.40 10.0 175 20 0 ' 
Entire anterior lobe O17 2.0 72 $2 70 
Entire anterior lobe 1.50 1.5 142 130 200 
Entire anterior lobe Loo Lo 110 lo lle 
Entire anterior lobe 1.00 2.4) 116 6 148 
Entire anterior lobe 0.50 15 100 92 116 ' 
Entire anterior lobe 0.30 2.0 140 140 140 
Entire posterior lobe, fresh 0.30 10.0 110 60 100 
Entire posterior lobe, fresh 7.30 7.0 1) 4 74 
Entire posterior lobe, fresh 0.40 10 128 38 138 
Entire posterior lobe, fresh Ose oO 130 on ISO 
Entire posterior lobe, fresh O30 1 70 5S 100 
Entire posterior lobe, fresh Law 24) 134 76 160 : 
Entire posterior lobe, fresh O60 24) 144 oo 100 
Entire posterior lobe, fresh 0.20 24) 104 th) 134 
Entire posterior lobe, fresh 0.20 2.0) 140 Th 140 } 
Dried posterior lobe o.50 Lo 142 138 142 ; 
Dried posterion leobve O50 Lo oo dO low 
Dried posterior lobe O20 1.0 140 120 loo 
Boiled extract of post lobe O25 5 116 136 118 
Boiled extract of post. lobe O15 24) 120 a0 120 
Boiled extract of post. lobe O30 10 how 84 114 
Boiled extract of post lobe O45 Lo 134 ih 0 
Boiled extract of post. lobe O45 3.0 92 is St) 
Pars intermedia 0.2 20 SO) 66 Sb j 
Pars intermedia O15 24 108 120 108 
Pars intermedia O45 3.0 152 70 148 
Pars intermedia O25 Zar 92 sO 114 
Pars intermedia Low 3.0 0 50 164 
Pars intermedia oO. 2.) 120 St 108 
Pars intermedia 0.25 24 126 76 150 
Pars nervosa 1.0 8.0 144 0 S85 
Pars nervosa 0.45 10.0 156 S4 130 } 
Pars nervosa O50 loo 140 60 160 . 
Pars nervosa o.oo 3.0 low 130 140 
Colloid 10) 110 122 
Colloid 5 118 148 
Colloid 3.0 OS 110 
Colloid 20 160 168 


EFFECT OF TILE INJECTION OF TITLE CONTENTS OF A CYST OF THE PARS 


INTERMEDIA AND OF COLLOID 
Considerable fluid of a light straw color was obtained from a evst in 
the pars intermedia. We have encountered but two evsts in over 1.200 


clands The fluid obtained from these wave a decided pressor effect, 
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as shown in Figure 17. In examining contents of cysts of the pars inter- 
media we should keep in mind the possibility of cysts developing from 
inclusions of craniopharyngeal duct epithelium, the contents of which 
should not be active. One of the most typical pressor effects that we 
have seen followed the injection of fluid removed from one of the two 
cysts which we have encountered. As we were dependent on small pieces 
of colloid, the amount available for injection in any single instance was 
small, never more than three pieces at a time, one fourth the size and 
about the thickness of the little finger-nail. In all four dogs were injected 
with solutions of colloid. The effect on the blood-pressure is shown in 
Figure 18. The increase in pressure averaged 15.5 mm. and was main 


tained for some time. The respiration and pulse were unaffected 


CONCLUSIONS 


1. Extracts of the pars intermedia (Norkschicht, Epithelsaum) when 


injected intravenously cause a decided rise in blood-pressure. The extract 


does not need to come in contact with the pars nervosa to become active 


2. Extracts of the pars nervosa also give a pressor effect. The primar 


rise is followed by a fall. whi is succeeded by a rise associated with a 
marked slowing of the pulse. 


3. Extracts of the anterior lobe give a prima fall. which is followed 


| | | 
isecondary rise in pressure above the lteve 


in the n ijority ot instances b 


visting at the beginning of the experiment. These results confirm HTlan 


burger’s findings. The pressor substance is confined to that part of thy 
anteriol Cine bounding the clelt whi contains groups of = helor 1 
ti Live pars mntermedia > rh inn’s test ¢ cited ) Fram ni wit! 
extracts of the ante obe is explained in the same wa 

1. The contents of a evst of the pars intermedia gave a decided presse 
etl | 

» \ depressor substance, solubl n alcohol, is f md in the ant 


be, the pars intermedia and the pars nervosa. 


6. It is not probable that two structures differing so mu sf 
logically as the pars intermedia and the pars nervosa would secrete a sub 
stance having the same effect on blood-pressure. We believe that thy 
Pressel substance s secreted by the pars intermedia and that it then passes 
into the pars nervosa Whether it passes |) Wa of the blood or the 
hvaline bodies we cannot sav. The latter, however, do not form a sti ny 
feature in the histology of the ox hypophvysis 

+. We have never been able to obtain anv pressor effect from extracts 
ft the | ypophysial stalk. If the hvaline muilies pass through this and 


? 


epresent the pressor substance. we believe that we should be able to elicit 


pressor reaction with extracts of the stalk In the ox. at least, ther 
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is a distinct break in the paths of secretion between the pars nervosa and 


the ventricular cavity. 


122 South Michigan Boulevard—5221 Jefferson Avenue 
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THE VALUE OF TROPHIC BONE CHANGES IN THE 
DIAGNOSIS OF LEPROSY 


4. B. HERRICK, M.D., ano T. W. EARHART, M.D 
ANCON HOSPITAL, CANAL ZONI 
The diagnosis of anesthetic | \ olten ve 
bacillus of Hansen is obtained miyv ¢ all proportion of 
cases and consequently the diagnosis usually rests on the symptoms 
f the neuritis and the gross trophic changes arising fron 
These trophoneurotic changes are usually most marked in the extremit 


1 


and may affect any or all of the tissues of the extremity 


The changes which take place in the nerves, muscles, subcutaneous 


tissue and skin have been emphasized by the writers 


are well known to all. But the corresponding changes occurring in the 


hone, although of equal if not of greater diagnostic significance, have 


heen simply mentioned in the descriptions of this disease. This is readily 


understood when we consider the difficulty of determining these changes 
early in the disease, before it has advanced to such a stage that 
esions become curious and interesting features of the process, rather than 


aids in diagnosis. 


These bone lesions have been described by several writ rs In 


Heibe rg! called attention to peculiar atrophies of bone occurring in 


disease. In 1898, Miura? described the pathological changes and 


followed these changes with the aid of the a-ray. Hansen and Looft 


described the various processes. More recently Hirschberg and Bichle1 
have shown that a true leprous osteomyelitis and periostitis often occurs 
In 1905, Deveke® traced the sequence of certain of these change Ss bv means 


of the a-ray, and in 1909, Harbitz,® from a study of pathological speci 


*" Read at the meeting of the Canal Zone Medical Association, Nov. 9, 1910 
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mens, called attention to a pec uliar atrophy in this disease which he 
describes as concentric bone atrophy. 
The pathological changes in the bones in leprosy occur in three differ- 
ent wavs: 
1. The true trophic disturbance due to the altered innervation, in 
! 


which there takes place a simple atrophy or gradual absorption of the 


bone. 


An osteomyelitis or periostitis caused by the | pra bacillus, 





Figure 1 Figure 
Fig. | Middle and distal phalanges of a normal index-finger 
Fig. 2 Beginning absorption of the bulbous tip of the distal phalanx of the 
thuml ind an associated narrowing of the shaft Both the shaft and the distal 
! ire involved 
\ necrosis or inflammation of either of the above arising from 
secondal nvolvement by pyogenic organisms. 
ese processes occur main in the fingers and toes and lead to a 
loss of the digits. from wl t orm of the disease gets its name ol 


ra mutilans, 
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Clinically the process in which a finger or toe is cast off or disappears 
presents two entirely different forms. The one shows simple atrophy 
and absorption of the digit without gross disturbance. The other presents 
an associated inflammatory process of various types. The former would 
represent a pure trophic type, and the latter a tropho-inflammatory 
method of the mutilating process. 








Fig. 3 Absorption of the greater part of the bulbous tip of the d stal phialans 
of the index-finger No change in the shaft 
Fig. 4 Absorption and disappearance of the tip and shaft of the distal pha 


lanx of the finger, only the base remaining 


In the tropho-inflammatory typ re occurs a stin 1 the 
digits in various ways, but in all the wavs there the um ne t 
change to whi s added a= secondar nfection. arisin different 
methods nad thus causin the ¢ nica riat ns \ ey itin ©] 





and 
f the bone or that portion of the member distal to the 1 
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thus through a chronic suppurative process results in a casting off 
ileer. An abscess 
se to the bone may destroy the periosteum and lead to necrosis of the 


or a necrosis of the bone of the atrophic type might become second- 
infected and thus lead to loss of the bone with later shrinking of 
\ gangrene-like process might occur through involvement 


oit parts. Ag 








Figure 5. Figure 6. 
shrinking of the 


Typical concentric atrophy with absorption and 


distal phalanx of the middle finger, the process affecting both tip and shaft but 
more marked in the shaft. It also involves the shaft of the middle phalanx. 
Fig. 6.—Typical concentric atrophy of all the phalanges of the third toe; the 
distal phalanx almost absorbed; the middle phalanx markedly shrunken; the 
proximal phalanx showing incipient atrophy. 


of the vessels by the leprous formations and thus cause the loss of a finger 


All of these forms depend on the secondary inflammatory process 


or toe. 
f the disease. 


and consequently show no lesions characteristic o 
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The pure trophic type has been variously dese ribed Scheube’ speaks 
of it as “simple absorption of the tissues.” Manson* describes it as “a 
curious interstitial absorption of one or more phalanges, the shaft of th 


phalanx wasting more rapidly than either of the 


l articular I 


surfaces.” 
Harbitz speaks of it as “atrophy of the bone of characteristic 
The atrophy is concentric and chiefly 
of the phalanx.” 


appearance 
involves the most pel pheral parts 




















Figure Re Figure 8 


Fig. 7.—Advanced concentric atrophy 


of all phalanges of fourth toe. The 
distal and middle phalanges are almost entirely absorbed. The proximal phalanx 
shows marked shrinking and narrowing of the shaft 


Fig. 8—Very advanced concentric atrophy of all the phalanges of the ring 
finger. 


In addition to this simple atrophy of the bone there is described an 
ainhum-like process which leads to the loss of a toe but which cannot 


7. Scheube: Diseases of Warm Countries, 1904, Edition 2 
8 


«-, Pp 255. 
Manson: Tropical Diseases, 1909, Edition 4, p. 546. 
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be distinguished from true ainhum except that other manifestations of 
leprosy are present. 


The relative frequency of these two processes in the causation of 


mutilation is stated differently by writers. Harbitz savs that “many, 
perhaps the majority, are dependent on ulcerative necrosis and chroni 
suppurative inflammation.” Van Bergman and Guill sav that “the 





Fig. 9.—E. L., leprosy suspect 


[ypical concentric atrophy of distal phalanx 
of right thumb, 


phalanges become necrotic and are cast off through suppuration. This 


is the case as a rule.” Balz describes simple absorption of the tissue as the 
usual cause of the mutilation. From a study of the cases accessible here, 


| believe that mutilations arise in almost equal numbers by the two meth- 
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ods, but that if we could examine the case before the secondary infective 
processes took place, we would find that the great majority of these would 
show trophic changes in the bone. Most of the mutilating processes, at 
present in the course of development in the cases here, are taking place 
by the trophic method. In the course of vears a certain number of these 
will undoubtedly fall into the other class, secondary infections arising in 
hem from trauma or other causes. This is shown in the case of a 


Palo Seco who has lost all the fingers and thumbs of both hands. Of 








Fig. 10 I L leprosy suspect Pypical distal atrophy of distal phalanx of 


index-tinger of right hand 


the ten digits lost, four were removed on account of suppurative proc- 


esses, and in the other six there was simply a gradual atrophy and shrink- 
ing of the fingers, 

The pure trophic type presents bone lesions which are characteristic 
of the disease. This has been shown by Harbitz in his work on patho 


logical specimens showing characterist! trophic changes late in the dis 
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ease. These trophic changes in many cases begin early and present defi- 
nite pictures which give important additional aid in the diagnosis. This 
trophie disturbance usually begins in the tip of the distal phalanx and 
may involve one or more fingers. As the process advances in the distal 
phalanx, changes are found in the middle and later in the proximal 
phalanx, and may even extend to the metacarpal or metatarsal bones. 
This same trophic change extends to other bones, but we are interested 
only in the earliest changes when the diagnosis of the case might be 
doubtful. These early changes are easily observed by means of the z-ray. 

During the past two years we have been giving special attention to 
the bone changes in the cases of leprosy which have been brought before 
the medical examining board of this hospital. The study of the x-ray 
plates taken in these cases and also in several others from Palo Seco has 
revealed bone changes varying greatly in degree. These changes we have 
arranged according to the character and extent of the bone involvement 
so as to illustrate the development and progress of the trophic bone 
lesions of this disease. In order to understand these, especially the earlier 
lesions, the appearance of the distal phalanx with its cellular bulbous tip 
must be recalled (Fig. 1). 

The earliest change noticed is in the bulbous tip of the terminal pha- 
lanx. This becomes smaller and shrinks, generally with some associated 
narrowing of the shaft (Fig. 2), or the process may affect the bulbous 
tip mainly, in which case there appears to be a definite absorption starting 
at the most distal point, and progressing almost transversely toward the 
base (Fig. 3). As this process progresses, the tip disappears and then the 
shaft becomes gradually absorbed, and a stage is reached in which only 
the base of the distal phalanx remains (Fig. 4). So far the process 
shows a distal type of atrophy in which the absorption is mainly in the 
distal extremity of the bone. In the true concentric type, when the 
process becomes more advanced, the distal phalanx shows marked shrink- 
ing and shortening in both the shaft and the distal extremity, and there 
is also a shrinking in the shaft of the middle phalanx as is shown by 
the increase of the concave outline of its borders (Fig. 5). In this form 
the process involves the shaft more than the distal extremity. In a later 
stage the terminal phalanx almost entirely disappears, being represented 
by a very slight shadow on the x-ray plate. ‘The middle phalanx becomes 
greatly shrunken and smaller, and the proximal phalanx shows the incipi- 
ent changes in the narrowing and shrinking of the shaft (Fig. 6). The 
interphalangeal joint spaces disappear, the joints becoming partially or 
totally ankylosed. In a more advanced stage the distal and middle 
phalanges are reduced to very small fragments, and the proximal phalanx 
shows a very marked concentric atrophy, almost obliterating the shaft 
of the bone, with marked absorption of the distal extremity (Figs. 7 
and 8). 
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Radiographs of the hands show typical concentric atrophy of 1 
distal phalanx of the right thumb and of the distal and middle phalanges 
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sents the most advanced lesion of distal atrophy we have found in the 
cases here (Figs. 9 and 10). 

In any consideration of the value of these trophic changes it is neces- 
sary to determine under what conditions more or less similar bone changes 
might occur. There are some conditions which produce bone lesions 
somewhat resembling these, but as a rule they can be readily differenti- 
ated by a proper history and examination of the case. Similar changes 
could arise as a result of previous injuries; in the atrophy of disuse as 
might occur in paralysis or in nerve lesions; in Morvan’s disease, and in 
ainhum. Also the race and occupation of the individual must be taken 
into consideration in the interpretation of the radiograph. 

In a study of the early lesions occurring in the feet, a knowledge of 
the race and occupation of the individual becomes necessary, for in the 
barefoot native the phalanges of the toes are broader, larger, and far 
better developed than in the members of the races wearing shoes. This 
is well shown in the radiographs of the feet of Americans when compared 
with those of the islanders or natives. 

In the case of injuries involving the bones of the phalanges changes 
more or less similar to progressing distal atrophy may occur, but the 
history of the case would serve to differentiate this condition. 

Similar lesions might occur following injuries to nerves or in the 
atrophy of disuse, but in these cases the lesions would be limited to a 
certain definite area and al] the bones in this area would be similarly 
involved. Also an extra point of differentiation could be obtained from 
the history of the case. 

In syringomyelia, more especially that variety known as Morvan’s 
disease, a mutilating process takes place which in great part resembles 
the same process in anesthetic leprosy. The description of this process 
as detailed in the literature would point to its occurrence by means of an 
ulcerative-necrotic method rather than by true concentric atrophy, as 
the descriptions of Morvan’s disease speak of this mutilation as occurring 
through an inflammatory process. 

In ainhum there is a peculiar trophic disturbance which shows bone 
changes very similar to those occurring in leprosy, The process involves 
the proximal phalanx primarily and there is a lengthening with narrow- 
ing and absorption of the shaft rather than a shortening and absorption 
as occurs in the concentric atrophy of leprosy. But what the bone change 
would be in a case of leprosy in which the loss of the toe was taking place 
by an ainhum-like process we are unable to say, as we have seen no such 
case. 

In a study of the radiographs taken from the various cases of leprosy 
accessible here, there are two main methods by which the atrophy of the 
bone takes place. The one could be called progressive distal atrophy. It 
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AN EXPERIMENTAL STUDY OF THE CAUSES WHICH 
PRODUCE THE GROWTH OF THE 
MAMMARY GLAND * 


ROBERT T. FRANK, M.D., ano A. UNGER, B.S. 


NEW YORK 


Hyperplasia of the breasts is regularly noted in pregnancy. This 
change in the breasts, for a time passively accepted as a fact, has in late 
years been made the subject of intensive study, which aimed to discover 
the primary cause of the tissue growth, and to analyze the nature of the 
stimulus which gave rise to it. The subject is not only of great interest 
to biologists, but to investigators in all branches of medicine, The sweep- 
ing analogies, drawn from some of the theories which have been based 
on experimental work, are so far-reaching that confirmation is impera- 
tively needed ; otherwise there is danger of basing future research, some 
in allied, others in entirely separate fields, on an insecure or even false 
foundation. 

The breast hyperplasia of pregnancy can best be studied in animals, 
and as a matter of laboratory convenience, small animals are preferred. 
Most workers have employed rabbits in their study. To some extent, 
however, clinical observations made by physicians on the human subject, 
or by veterinarians on the domestic animals, have been so striking that 
they have been used to fill gaps in our knowledge, or as confirmation of 
the results obtained by experiment. 


CLAYPON AND STARLING’S EXPERIMENTS 


Although not the first in chronological order, Starling’s theory of 
breast hypertrophy will first be considered, and as our investigation con- 
cerns itself chiefly with his work, a somewhat detailed description of his 
experiments must be given. 


In 1906 Claypon and Starling’ published an article entitled “An Experi- 
mental Enquiry Into the Factors Which Determine the Growth and the Activity 
of the Mammary Gland,” in which they asserted that the breast hyperplasia of 
pregnancy was due to the formation of chemical substances in the embryo. These 
substances reached the blood-stream of the mother by way of the placenta, and 


*From the Department of Pathology, College of Physicians and Surgeons, 
Columbia University (The George Crocker Special Research Fund). Presented 
at the meeting of the Alumni Association of the College of Physicians and Sur- 
geons, Jan. 30, 1911. Received for publication Feb. 21, 1911. 

1. Lane-Claypon and Starling: Proc. Roy. Soc., 1906, Series B, Ixxvii, 520. 














ted the growth of the | ist i t this 
hormone (from pudw ind throughout we ill adhere to this term The 
methods employed by Claypon and Starling were as follows They first deter 


mined the size and appearance of the breast in young virginal rabbits which had 


reached adult age. To do this the breasts were exposed by reflecting the skin, 


! 1 in continuity wit the rrour 

fixation the tissues were stained with dilute hematoxylin in bulk, and then partly 
decolorized with acid alcohol The ducts with all their ramifications became 
visible against their less deeply stained surroundings The tissue was then 
dehydrated, cleared and permanently mount in balsam between glass slides 


Thus with little trouble clear and permanent records of results are obtained 


Similar studies of breasts at various stages of pregnancy were likewise made 


Claypon and Starling’s illustrations are here reproduced (Figs. 1 to 7 It was 


found that by the fourth or fifth day after impregnation the breasts had con 


siderably increased in size (Fig. 2) chiefly by the extension and the branching 


of the ducts. By the ninth day the margin of adjacent breasts were almost con 


tiguous, the ducts longer and more branching, and at the periphery the breast 


tissue was raised and, in the fresh state, of pinkish color (Fig. 3). Under the 


microscope the beginning of acini with several layers of epithelium lining their 


lumen, could be recognized. More advanced stages of pregnancy manifest them 
selves chiefly by a still greater increase in the number of acini, and by the 


presence of secretion, at first of colostrum, later of true milk, within the lumina 


of acini and ducts. 


With few exceptions virgin rabbits, born and raised in their laboratory, wer 
employed in the experiments As at the outset of the experiments it was not 
<nown which of the many possible tissues involved, gave rise to the hormone, they 
were all tried alone or in combination. The following tissues were employed 


ovaries, uterine wall or mucous membrane, placenta, placenta and uterus com- 
bined, fetus together with placenta and membranes, fetus alone 

Perusal of Table 1 will show that four rabbits were injected with the extract 
of ovaries, obtained from pregnant rabbits rhe longest experiment lasted fifteen 
days and in it twenty-six ovaries were used The results were negative 

The mucous membrane of pregnant uteri was injected into two animals, like 
wise with negative results 

Rabbit’s placentas (respectively press juice, boiled and unboiled extract) 
vere injected into three animals without producing breast changes 

Extracts of fetuses were injected into ten rabbits Press juice, unboiled 


extract passed through a Berkefeld filter, and boiled extracts were employed 


[wo animals proved to be multiparous, so that in their cases no definite conclu 
t 

sions could be drawn [wo animals showed no increased growth. The six 

remaining animals showed a varying degree of hypertrophy of the breasts. Che 


best results were obtained in Experiment 10 (Fig. 4), in which during the course 


of forty-one days twenty-two injections of the press juice of 154 fetuses, placentas 


and uterine mucous membrane were given intraperitoneally The breasts were 
greatly hypertrophied, almost contiguous and the margins raised and pink, cor 
responding to the breasts of the ninth or tenth day of pregnancy On micro- 
scopic section marked proliferation of the ducts, with mitoses in their lining 
epithelium were found In the thickened borders the formation of alveoli was 
just commencing. In five other rabbits in whom the injections were given intra 
peritoneally for lesser periods of time, similar but not as marked proliferation 
was noted. 

4 control experiment, in which normal rabbit’s serum from non-pregnant ani 
mals was injected subcutaneously during three weeks showed little or no enlarge 
ment of the breasts. The ducts, however, showed a certain amount of prolifera 


tion with some mitoses in their epitheliun 











to 7 inclusive are natural size. 


Figures 1 
Figures | 


oo 





Fic. 7 


inclusive are reproduced from Starling’s plates. As will readily 


be noticed by comparing Figures 1 and 22 (both figures of the virgin rabbits’ 


breast) our illustrations (Figures 8-27 are drawn somewhat more lightly and 
£ 7 y 


are reduced slightly below the natural sive (4/5 of normal size). 
Fig. 1.—Gland from virgin rabbit 


Fig. 2—Mammary gland from primiparous rabbit, five days after impregna- 


tion 


Fig. 3—Mammary gland from primiparous rabbit, nine days after impreg 


nation 


Fig. 4—Mammary gland from virgin rabbit which had received injections of 


extracts of fetuses, uterus, and placentas during five weeks (Exp. 10). 


Fig. 5.—Mammary gland of virgin rabbit, showing growth produced by injec- 


tion of extracts of fetal viscera during a period of seventeen days. 


Fig. 6—Mammary gland of virgin rabbit, showing growth produced by injec- 


tion of extracts of fetal bodies and placentas over seventeen days. 


Fig. 7—Mammary gland of virgin rabbit, showing slight growth induced by 
daily subcutaneous injection of rabbit’s serum (from non-pregnant rabbits) dur- 


ing a period of three weeks. 
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Foa* reported in 1908 that he had been able to obtain proliferation of the 
breasts in rabbits by injecting extracts, prepared from cows’ fetuses with unboiled 
extracts only. He therefore concluded that he had proved that heterologous 
extracts were able to produce hyperplasia. 

Quite recently Bied] and Kénigstein* have repeated, extended and varied 
Starling’s experiments, also using rabbits, arriving at the same conclusions. In 
a small number of their experiments, they excised portions of breasts before and 
after they had performed the injections, but apparently examined these speci- 
mens only microscopically. In order to accentuate the effect of the injections, 
in a few animals, they first seared the surface of the ovaries, as they believe that 
ovarian activity has an inhibiting action on breast hyperplasia (on milk secre- 
tion %). In two instances animals castrated three weeks previously were used. 
In almost all of the fetus injections they report breast hyperplasia, including 
castrated animals; while placental injections produced no result. The amount of 
hyperplasia, according to Bied] and Koenigstein, depends not on the duration of 
the injections but on the amount of fetal tissue injected. 


AIMS OF OUR RESEARCH 


Starling had asked whether or not the breast hormone is specific to 
the animal of a given species.’ This question is interesting and important 
from a twofold point of view: first, from a strictly biological standpoint : 
second, if fetus extracts of cows, sheep or swine could be made to produce 
hyperplasia in the breasts of small laboratory animals a method would 
be at our disposal to use enormous quantities of extracts, in order to deter- 
mine what effect exaggerated doses of the hormone exert. By summation 
of stimuli it might prove possible to transform physiological into patho- 
logical effects ! 

As hypertrophy of the breasts occurs in all mammals, we felt at liberty 
to choose almost any species. Partly for the sake of employing a smal! 
inexpensive animal, partly because we hoped to extend our work into the 
effect of local hyperplasia on growing tumors, we chose white rats, which 
are extensively employed in tumor research. 


WHITE RATS INJECTED WITH SOWS’ FETUSES 


Technic and Experiments.—Fresh sows’ fetuses were obtained daily at a 
slaughter house. Fetuses not larger than 3 or 6 inches in length were used. 
They were passed through a meat machine, thoroughly ground up with sand, and, 
after adding normal salt solution, were kept for two hours at 0 C. The thick 
extract was squeezed through thin toweling by means of a meat press, and then 
centrifuged. Part was passed through a Berkefeld filter, part slightly acidified 
with acetic acid, boiled for three minutes, and filtered through a sterile paper 
filter. Eight female white rats raised to maturity in the laboratory were used 
in the series. 


3. Foa, C.: Arch. di fisiol., 1908, v, 520. 

4. Biedl and Koenigstein: Ztschr. f. exper. Pathol. u. Therap., 1910, vii, 358. 

5. As previously stated, Foa’s paper was not known to us when we began our 
work. Bied! and Kénigstein’s article appeared after completion of our experi- 


ments. 
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the amount of acetic acid used to precipitate the proteid during the boil- 


ing, might be at fault. 


With the exception of the centrifuge extract just referred to, the material 


was prepared as in the preceding series, divided into approximately equal parts, 
of which one was used as centrifuged, the other as boiled extract. Each animal 
therefore, received about one-quarter to one-third of the entire extract obtained 
each day, depending on how many animals were being injected on a given day 


(see protocols). 


TABLE 3.—WHuuIrTeE Rats INJECTED INTRAPERITONEALLY WITH EXTRACTS OF 
Fetruses, Erc., oF Rats* 


Extract Daily No. of Dura- Result 
eer Amount Inject. tion innews 
ere c.c. eS orenes 
errr naee sooce Me ape 

1. Centrifuged Fetuses, 130 used...... 2.0 19 19 Negative 

2. Centrifuged Fetuses, 65 used...... 2.0 9 9 Negative (died) 

3. Centrifuged Fetuses, 165 used...... 2.0 23 28 Negative 

4. Boiled Fetuses, 89 used........... 0.5-3.0 ll 17 Negative (died) 

5. Placental extr.; placentew, 177 used. 2.0 25 27 Negative 

6. Placental extr.; placenta, 105 used.  1.5-2.0 16 24 Negative 

7. Blood serum preg. rats .......... 0.5-3.0 24 31 Negative 


*Rats 3 and 6 were castrated twenty-six and twenty-one days before injections 
were begun. The “centrifuged” fetal extract corresponded to Starling’s “Berke- 
feld extract.” The placental extract was prepared in a manner similar to the 
centrifuged extract. 

In none of the injected animals was any increase in size of the breasts 
noted. Therefore our negative results with heterologous extract were of 
no significance, as apparently white rats were refractory to fetal extracts 
of both homologous and heterologous origin. Some further experiments 
on white rats made at this time will be referred to later. 


RABBITS INJECTED WITH RABBITS” FETUSES 


Before attempting to use heterologous extracts in rabbits, we deter- 
mined to repeat Starling’s experiments of injecting rabbits with rabbits’ 
fetuses. The technic employed was that of Starling, except that we did 
not pass the unboiled extract through a Berkefeld filter. Instead, we used 
aseptic precautions in the preparation as in the preceding series. 

In addition to the boiled and unboiled fetal extract, we prepared and 
injected intraperitoneally also the extract of placente, the extract of 
ovaries of pregnant rabbits and the extract obtained from the hypophysis. 
Hypophyseal extract was used because this gland undergoes marked 
changes during pregnancy, and because considerable evidence obtains that 
it has important relations to the genital organs. The rabbits used for 
the injections had been obtained young and kept segregated for two 
months. They were approximately seven or eight months old. 


6. The literature will be found in Frank, R. T.: Has Ovotherapy, as Now Prac- 
ticed, an Experimental Basis, Toe Arcuives INT. MED., 1910, vi, 314. 
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Fig. 15 





Fig. 16 


Figures 8 to 27, inclusive, are four-fifths natural size. 

Fig. 8.—Breast of rabbit 1, series 1, which was injected with unboiled extract 
of rabbit fetuses. In this and the following illustrations, the breasts, stained, 
cleared and mounted exactly as Starling has directed, have been projected by 
means of an Edinger projection apparatus directly on the paper. In order to 
facilitate the drawing of details a magnification of three diameters was employed. 
The reproductions are reduced slightly below natural size. A careful outline of 
each breast was drawn, the ducts, though sometimes, when of large caliber, appar- 
ently hollow, are shown as solid cords. 

Fig. 9.—Breast of rabbit 3, series 1, which was injected with unboiled extract 
of rabbit ovaries. 

Fig. 10.—Breast of rabbit 5, series 1, which was injected with unboiled extract 
of rabbit hypophyses. 

Fig. 11.—Breast of rabbit 1, series 2, which was injected with unboiled extract 
of rabbit fetuses. 

Fig. 12.—Breast of rabbit 2, series 2, which was injected with boiled extract 
of rabbit fetuses. 

Fig. 13.—Rabbit 3, series 2; breast removed before starting experiment. 

Fig. 14.—Rabbit 3, series 2; breast removed after injection of rabbits’ hyp- 
ophyses and ovaries. 

Fig. 15.—Rabbit 4, series 2; breast removed after injection of rabbits 
placenta. 

Fig. 16.—Rabbit 1, series 3; breast removed before castration and injection. 

Fig. 17.—Rabbit 1, series 3; breast removed after injection of rabbits’ fetuses. 


’ 
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Fig. 18 Rabbit 2. series 3: breast removed before castration and injection 


Fig. 19.—Rabbit 2, series 3; breast removed after injection of rabbits’ ovaries 

Fig. 20.—Rabbit 3, series 3; breast removed before castration and injection 

Fig. 2] Rabbit 3, series 3: breast removed after injection with rabl 
ophvses 

Fig. 22.—Normal virgin rabbit’s breast before first estrum (Rabbit 24 

Fig. 23.—Corresponding breast removed nine days later (Rabbit 24 

Fig. 24.—Normal virgin rabbit’s breast, already showing slight 
Rabbit 15) , 

Fig. 25.—Corresponding breast removed twenty-six days later (Rabbit 15 

| 4 Nort ‘ ibbit’s breast. show . t of { Rabbit 14 


Fig. 27.—Corresponding breast removed twenty-four days later (Rabbit 14 
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This series showed startling results. The unboiled fetal extract had 
produced only slight hyperplasia. In the boiled, no definite conclusion 
as to increase could be determined, as the breasts appeared to belong to 
a multiparous animal. The placental animal showed negative results. 
The ovarian and hypophysial injections apparently produced very active 
hyperplasia. 

In view of these differences we determined to repeat the experiments, 
using the same technic, except that we injected both ovarian and hypoph- 
ysis extract into the same animal with the hope of thus still further 
increasing the degree of hyperplasia. 

In the second series the animals treated with extract of fetuses again 
showed the least proliferation. Rabbit 3, which received combined ovarian 
and hypophysis extract, had a breast removed nine days before the injec- 
tions were begun. On completion of the experiment the corresponding 
breast of the other side was found nearly double in size but no subdivision 
of ducts had occurred. The placental animal, however, showed a breast 
nearly as large and with more active proliferation. 

We determined to obtain another series, using castrated rabbits, in 
order to exclude any direct effect of the extracts on the ovaries, or any 
indirect action independently exerted by these glands. 

A number of nulliparous rabbits were castrated through lumbar inci- 
sions and of these we selected three of about equal age for the injections. 
We had previously removed from each a single breast, partly for contro! 
and partly to assure ourselves that the glands were virgin in type. 

Of the three castrated rabbits, that injected with fetal extract again 
showed the least growth of the breast. The ovarian experiment was fol- 
lowed (?) by an enormous hyperplasia; the hypophysis injections were 
intermediate. 

Summary of Rabbit Experiments.—Three rabbits had been injected 
with unboiled extract with but little result. Of two injected with boiled 
fetal extract one had large breasts, possibly multiparous, though the 
nipples were minute; the other showed hardly any change. Two injected 
with ovarian extract showed much hyperplasia; one with combined 
ovarian and hypophysis extract very slight increase. Of the two placental 
rabbits one showed some breast activity, the other none. The two animals 
which received the hypophysis injections both showed considerable 
increase, 

It seemed advisable to study the anatomy and the physiology of the 
rabbits’ breast more closely because our results not only differed from 
those of Starling, but also because our series did not correspond suffi- 
ciently. Some disturbing factor remained to be accounted for. 
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FURTHER STUDY OF THE RABBIT’S BREASTS 


We selected a number of apparently virgin adult female rabbits, which had 
been segregated for a month or more, and under anesthesia and aseptic precau- 
tions removed a breast. The operation is simple and primary union is usually 
obtained The loose subcutaneous layer down to the external oblique fascia is 
removed in one sheet, stretched on cork, and prepared as described by Starling. 
Whenever we obtained breasts which corresponded to Starling’s description of the 
virginal type, the animal was used for further study. At various intervals of 


time other breasts from the same animal were removed. 


Using this method we then noted that in some animals, sometimes 


within a period of three to five days, a marked increase in size of the 


breast, accompanied by a striking change in the width of the ducts, num- 


side branches and terminal buds, occurred. Further study con- 


ber of 


vinced us that at a given period of time all the breasts of any one animal 
were the same in size and in general structure, although corresponding 
breasts (as for instance the third right and left) removed at different 
periods, differed greatly in size. At first we used only animals in which 


the first breast removed corresponded in size to the virginal type described 
by Starling (Fig. 22), but it soon became apparent that this distinction 
does not apply, as a comparison of Figures 22 and 23 will show. Thess 
two figures illustrate breasts removed from a rabbit which had been pre 
viously isolated for several months, only nine days intervening between 
the removal of the two breasts. The breasts of multiparous animals 
apparently do not return to smaller size, although the ducts may grow 
thin in caliber and resemble a leafless tree. 

Figures 24 and 25 show two breasts of a virgin rabbit, a period of 
twenty-six days intervening between the removal of the breasts. Figure 
27 pictures the breast of a rabbit which closely resembles the mammary 
development seen about the tenth or twelfth day of pregnancy. The breast 
margins were raised and pinkish, adjoining breasts were nearly contigu- 
ous, and both ducts and acini were well developed as microscopic sections 
proved. Figure 26, however, which is taken from the corresponding 
breast of the same rabbit (removed twenty-four days before) abundantly 
proves that the rabbit was virgin. This rabbit had been purchased quite 
young and had been kept isolated for two months before the first breast 
was removed. The uterus, also, was subjected to careful microscopical 
examination. It showed the changes noted when the corpus luteum is 
active. The ovaries of this animal were found to contain numerous flour- 


ishing corpora lutea. Thus in a virgin animal we were able to demon- 


l 


strate changes which were indistinguishable from those seen at the end 


of the first third of pregnancy. 
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In searching the literature we finally discovered an article of Bouin and Ancel* 
which describes variations in the size and appearance of the rabbit’s breast cor- 
responding to the development of the corpus luteum. According to these authors 
after the corpus luteum begins to regress, the breasts, which have previously 
grown to large proportions, rapidly involute and diminish in size. This involu- 
tion has not yet been fully corroborated by us. Various other points mentioned 
by these authors also require further study which is now being pursued. These 
investigations will be published separately. 

In this connection it will suffice to note that virgin rabbits, without 
injections, can have breasts which are more developed than those described 
by Starling as corresponding to the ninth or tenth day of pregnancy. As 
will be seen in Figure 27 adjacent breasts are nearly contiguous; the 
ducts are wide and show many branchings. The edges in this breast were 
raised and pinkish. Microscopical sections through this raised portion 
showed ducts surrounded by smaller ducts and alveoli. Intermediate 
stages are readily found, and this increase in size can be followed from 
day to day. That the operation per se does not stimulate the growth of 
the breasts is abundantly proved by the fact that in several animals, 
breasts removed at the usual intervals showed no increase in size or change 
in type. It may be added that in the winter months (during which most 
of these experiments were performed) some rabbits apparently do not 
ovulate.*® 

The facts brought out by the above experiments fully explain why 
our results and those of Starling do not correspond. They also account 
for the discrepancies noted in our three series. In view of our results 
it will not prove necessary to consider the papers of Starling, Foa, and 
Bied| and Koenigstein separately. The experiments of all these authors 
were performed on rabbits. Apparently Foa (who even reproduces Star- 
ling’s illustration of the virgin breast) and Biedl and Keoenigstein 
accepted Starling’s controls without personal study of the virgin breast. 

Both Claypon and Starling, and Bied! and Koenigstein report that 
injections of placental extract produced no change. In one of our own 
experiments (Series 2, Rabbit 4) the breasts were at least as large and 
active as those of corresponding animals injected with fetal extract. The 


7. Bouin and Ancel: Compt. rend. Soc. d. biol., 1909, Ixvii, 466. Since our 
article has been received for publication, Bouin and Ancel (Jour. de physiol. 
exper., Jan. 16, 1911) have reported further on the growth of the heart in the 
rabbit. They believe that the mammary growth is due to the action of the corpus 
luteum (resulting from “sterile coitus”). They no longer assert that regression 
of the ducts takes place. The proof offered is. however, not conclusive. 

8. Bouin and Ancel (Compt. rend. Soc. d. biol., 1909, Ixvii, 464) assert that in 
rabbits, and in all other animals which have an interstitial gland in the ovary, a 
corpus luteum does not form except after coitus. This observation also requires 
corroboration. W. Heape (Proc. Roy. Soc., 1905, Ixxvi, 260) found that ovulation 
did not take place except after coitus in the rabbit. He further says that the 
doe will not accept the male except during estrum. Our experience does not agree 
with this finding, as even pregnant rabbits (the existence of pregnancy was not 
suspected) submitted to vigorous males, abortion subsequently resulting. 
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1u it 9 yyected evel I Stal O 
yiew are not entirely « rrect ‘ tal ext ts might st ite t , 
and thus inaugurate the hvperplasia 

Basch® has announced a theory, based on experiments. in w : 
an interrelation 1s supposed to bring about hyperplasia of the breast and 
secretion of milk. Only instead of a fetal-o n comple he favors 
an ovarian-placental activation. 

Basch’s experiments may be divided into two groups In the first he injected 


multiparous animals in which the milk secretion had ceased apparently subcu- 
taneously, though no experimental details are 


viven vith heterologous and hon 
ogous placental extracts Various degrees of milk secretion were noted. the 


breast nearest the site of injection always producing most milk. Placental frag- 
ments, implanted subcutaneously, likewise 


gave rise to secretion Of the second 
group of experiments he describes one in greater detail In a virgin bitch he 


subcutaneously implanted two ovaries removed from a pregnant one, using the 
back of the animal for the site of the implantation \fter fourteen days all the 
] 


breasts showed distinct increase in size. Six weeks later the glands corresponded 


in size to those of a pregnant animal, although the 


implanted ovaries had shrunken 


to very small size When. eight weeks afte the beginning of the experiment a 
time which corresponds approximately to the duration of pregnancy in the bitch 


he gave placental extract injections, milk secretion set in and the animal was 


Breasts excised at intervals during the experiment showed 
gradual change from the virginal to the fullv secreting breast 


able t nurse puppies 





EXPERIMENTS DEALING WITH BASCH’S THEORY 


In this connection we shall recur to some of our own experiments. 
previously referred to, performed on rats In one adult virgin rat v 
transplanted the ovaries of a pregnant rat subcutaneously into two pockets 
on the back. The ovaries contained numerous fresh corpora lutea. Sev 
aayvs ter we began injections of rat’s ent t 1 Ving sixt 
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injection reacted first and most strongly. Furthermore, just as Biedl 
and Koenigstein report, we also were able to observe renewed milk secre- 
tion, occurring in the breasts of multiparous rabbits in which abscesses 
developing near the breast had caused increased congestion. That the 
secretion consisted of milk was shown by microscopical examination. No 
direct comparison of Basch’s placental extract and that of other investi- 
gators is possible, as Basch carefully refrains from mentioning his mode 
of preparation. He states, moreover, that he has entered into negotiation 
with a commercial chemical laboratory (“which as may be well under- 
stood, reserves for itself every right in the manufacture”) to supply him 
with larger quantities of material ! 

The one successful experiment in a virgin bitch, reported by Basch 
and previously mentioned, does not appear convincing. That ovaries 
which were transplanted from a pregnant animal, and which evidently 
underwent rapid regression, should have caused growth of the breasts, 
appears unlikely. If the corpus luteum is to be considered the activator, 
it is well known that this delicate gland does not permit of transplanta- 
tion, although the remainder of the ovary may do so, and L. Loeb,’® in 
another connection, has found it impossible to produce uterine changes 
due to the action of the corpus luteum of an homologous animal, by daily 
subcutaneous injection. Our own unsuccessful injections with ovarian 
extract, containing fresh rabbit’s corpus luteum, have already been men- 
tioned. Possibly further study may show that in the bitch rut changes 
of the breast similar to those observed by us in the rabbit occur.’! Basch’s 
paper, moreover, both from the fact that neither the site of injections is 
more than hinted at, nor the method of preparation of the extract men- 
tioned, hardly deserves serious consideration. Furthermore, Basch does 
not distinguish with sufficient clearness between milk secretion and 
growth of the breasts. 

I1YPERPLASIA VERSUS SECRETION 

While it probably is correct to assume that as soon as breast acini 
have reached a certain stage of development, milk secretion can and per- 
haps does set in, the amount of milk secreted is no index or guide of the 
amount of hyperplasia which has occurred. Therefore, in studying the 
growth of the breast attention should be focused on the increase in devel- 
opment of the acini and ducts, not on their catabolic activity. 

Foa® in the paper previously referred to, has shown that the secretory 
activity of the breast is not inhibited by the presence of fetal products, 
as was assumed by Starling. Foa also showed that the blood of pregnant 


10. Loeb, L.: Med. Rec., 1910, Ixxvii, 1083. 

11. Starling (see note 1) quotes Heape and Kehrer who recorded cases of 
bitches which had not been impregnated at the normal time, and who after two 
months not only made a bed for their young, but had swelling of their mammary 
glands, with, in some cases, actual secretion of milk. 
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goats does not contain a sul 


stance whi increases the secretory activity 
f the breasts. Lederer and Pribram** injected placental extract intra- 


venously into goats, and assert that af 


enormous increase in the quantity of milk secreted was noted for a short 
period (one and one-half to three minutes). As was pointed out to us by 
Dr. H. Auchincloss, an anatomical observation already mentioned by Sir 
Astley Cooper™® might account for this effect in a different wa The 
terminal ducts in the cow, goat, etc., form a reservoir which can contain 


a large amount of milk. Lederer and Pribram inserted a catheter into 


the nipple and recorded the quantity of milk which entered a calibrated 


glass tube within a given period. If, for instance, injection of placental 
extract should produce an increased muscular contraction or tonus of 
the chest muscles,’* this elevation of pressure would naturally serve to 


empty the breast reservoir more rapidly without necessarily indicating an 


increased secretion. The question, however, does not concern us further 
in this connection 
Halban’s theory.® based largely on clinical observations. hardly comes 


within the scope of this paper. He believes that the ovary exerts its 


trophic influence on the breast, except in pri 


according to this author, the ovarv is quiescent (manv facts stronely con 
trovert this assumption) and the placenta, its temporary antagonist, 
Inaugurates the breast’s growth. No experimental proof corroborates 
Halban’s views, while all the facts he mentions are equally wel! accounted 


for in other ways. 


Our experiments, which showed that the rabbit’s breast, without the 


artificial stimulus of injections, may reach a size corresponding closel) 
to that observed in the tenth day of pregnancy, prove that the results of 
Starling, Foa, and Biedl and Koenigstein are accounted for bv accidental 
and purely physiological variations. It does seem strange, however, that 
Starling never encountered hyperplasia of the breast in the ten animals 
injected with ovarian, placental and mucous membrane extracts, particu- 
larly as he states that in several the uterus was congested and the animal 
was in heat. No exact study of the ovaries appears to have been made, 
nor is the presence « ibsence of corpora ea me! ( Bied! and 


12. Lederer and Pribran Arch. f. ges. Physiol., 1910, exxxiv, p. 531 

13. Cooper, Sir Astley: The Anaton y and Diseases of the Breast, Philadelphia, 
Lea & Blanchard, 1845. p- 9 

14. Dixon and Taylor (Brit. Med. Jour., 1907, ii, 1150), asserted that the 
placenta contained pressor principles ©. Rosenheim Jour. Physiol., 1909, 
xxxviii, 337) in his studies found 


that the so-called pressor principles of the 
‘ ng r | 


placenta were tue te bacteria putretactior ind tl t . ; nre 


were identical with those found in putrefying meat. Whether these findings could 


be applied to the work of Lederer and Pribram appears doubtful, as in most 
experiments they employed fresh extracts. 
15. Halban, J.: Arch. f. Gyniik., 1905, Ixxv, 353 
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Koenigstein in four animals injected with placenta also report negative 


results. 

We, in all our injected animals (also in those in which breasts were 
excised at intervals, and in the case of the castrated rabbits), examined 
both ovaries in serial section, and studied numerous sections, removed 
from different levels of the uterus. Two rabbits, whose breasts showed 


very active hyperplasia (Figs. 10 and 27) had numerous large corpora 


lutea in their ovaries, and the uterine mucosa was thrown into numerous 
folds. ‘There were, however, in many cases, no corpora lutea, although the 


breast showed increase in size.?® 


lt is not our intention in this paper to discuss in detail certain obser- 


} } 
{ 


vations we have made relating to the sexual cvele of the rabbit. We have. 


} 


however, shown that a breast hormone, elaborated by the fetus, has not 


been demonstrated, and must be considered purely hypothetical. Basch’s 
theory of an ovarian placental interaction, likewise, lacks all proof. Hal 
ban’s conception of a cessation of ovarian activity during pregnancy is 
made most unlikely not only by the persistence, but also by the hyper- 
trophic state of the corpus luteum, which is now definitely known to be 


! 


an actively functionating gland. Our own views. manv of which vet 


require proof, can be summarized in the following. These views not only 
harmonize with all facts now known to us. but also regard the breast 
changes of pregnancy merely as an exaggeration of the cyclical changes 
of the sexual cycle, similar to the uterine changes, which occur at regular 
intervals, in preparation for the function of reproduc tion. 

1. Intra-uterine, prepuberty and puberty growth of the breasts is 
directly dependent on ovarian function (Tandler’*), Foges.?® 

2. A evclical change in the virgin breast occurs under the influence 

3. Castration does not cause rapid regression of the evclical breast 

4. No proof has been offered to show that the fetus or placenta 
directly produces g 


rrowth of the breast in pregnancy 
5. Evidence points to the fact that tl 


1e persistent corpus luteum of 


pregnancy may produce this breast growth. 

6. The factors which favor or cause the persistence of the corpus 
luteum are unknown. 
¢. Certain eviden e (in rease of the breast nrodu ed by } vdrated mole 
without fetus, chorio-epithelioma) makes it unlikely that the fetus is at 
any time the controlling factor. 

16. In studying the rabbit’s ovary not only the corpus luteum but also the 
state of development of the interstitial gland may have to be considered. 

17. Tandler, J.: Wien. klin. Wehnschr., 1910, xxiii, 459 

18. Foges, A.: Wien. klin. Wehnschr., 1908, xxi, 137. 
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8. Nature's process 1s more complicated than 1 sil e chen 
stimulus assumed by Starling. As yet hyperplasia of the breasts has not 
been experimentally produced except by parabiosis, whi does not 
explain the stimulus. Possibly the i luence other glands « nternal 
secretion complicates the problem 

9. Milk secretion is no index of quantitative increase in breast tissue. 


10. Under phvsiological conditions milk secretion sets in when the 
ovarian influence Is removed n th new-born iiter birth: mn tiie puer©°r- 
1 4 + ; 


pera as the corpus luteum of pregnancy regresses; sometimes stoper 


atively after castration in the virgin (if the breast has been activated by 


the corpus luteum of menstruation ?). 


Further study may show that some of these conclusions require mod 


fication. Our present aim has been to emphas the fact that t fetus 
does not directly cause hyperplasia of the breast in pregnan fascinat 
ing and simple as this theory appears. The fact that breast changes in 


the rabbit are noted as early as the fourth day, although nidation does 
not occur until the ninth, confirms the view that neither fetus nor pla 
centa is the causative factor. 

The ovary, on the other hand, inaugurates cyclical changes in 
uterus, and similar but more exaggerated changes during pregnant The 
mammary changes under consideration are analogous in their relation to 
the reproductive function, and likewise manifest themselves tissuc 


hyperplasia. 


The results of our research make it evident that the primary end f 
which we undertook the work—to study physiological hvperplasia of 
breast tissue under controllable conditions, and to study transplantable 


animal tumors when under tl 


ronment—cannot be attained bv this method. 


The results should also influence the conclusions drawn several 
authors, who have sought to correlate Starling’s findings in the studv of 
tumor growth—notably P. Ehrlich, E. F. Bas | 1M. A 
Ehrlich and Bashford apparently experienced som ficul r mol 
n¢ their own findings with St no’s exp nts Askana ered 

—_— Se ae 


Leipsic, 1909) says that Starling’s experiments show that the growth-substances 
are quite specific, and by their stimulation of certain definite cells likewise enable 
them to become more resistant to athreptie influences Bashford, Murray, and 
Haaland (Resistance and Susceptibility to Inoculated Cancer, The Imperial Cancer 
Research Fund, Third Se. Report, London, 1908, p. 356) believe that Starling’s 


experiments m: 


ivy show a fundamental difference between normal cells of the 
mamma and those of an adenocarcinoma of the same organ. M. Askanazy (Ztschr. 
f. Krebsforsch., 1910, xi, 393) considers the possibility that certain progressive 
hyperplastic developments, especially those of the genital organs seen with tumors 
of the pineal gland, kidney, ovary, and testis, bear evidence to the fact that the 
embryonal tissue of the tumor induces the hyperplasia. He regards Starling’s 


experiments as confirmatory 
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the breast changes corroborative evidence in substantiating his hypothesis, 
which in substance is, that embryonal tissues in tumors exert a hormone 
action leading to hyperplastic development. And finally, our results force 
us to admit that, though we may in rare instances succeed in producing 
a very limited tissue hyperplasia by artificial means (such as epithelial 
proliferation due to injection of Scharlach R, oils, etc.), the subtler proc- 
esses of Nature cannot at the present time, or with our present methods, 
be imitated. 
983 Park Avenue—437 West Fifty-Ninth Street. 


RAT SERIES 1.—WHITE RATS INJECTED INTRAPERITONEALLY WITH 
FETUSES OF SOWS 


Rat 1.—VirGiIn FEMALE 
Weight 110 gm.; Berkefeld Extract 


Amount Weight of Amount Weight of Amount Weight of 

of Extract, Fetuses of Extract, Fetuses, of Extract, Fetuses, 
Date €.c. gm. Date ¢.c. gm. Date e¢. gm. 
6/14 1.5 42.5 6/25 15 140.0 7/7 15 78.0 
6/15 1.5 35.5 6/27 1.5 165.0 7/8 1.5 36.0 
6/16 1.5 13.0 6/28 1.5 27.0 7/9 1.5 37.0 
6/17 1.5 207.0 6/29 1.5 54.0 7/11 1.5 14.0 
6/18 1.5 192.0 6/30 1.5 240.0 7/12 1.5 120.0 
6/20 1.5 23.0 7/1 1.5 0 7/13 1.5 5.0 
6/21 1.5 39.0 7/2 1.5 325.0 7/13 15 700.0 
6/22 1.5 128.0 7/4 1.5 100.0 7/1 1.5 128.0 
6/23 1.5 135.0 7/5 1.5 290.0 7/15 1.5 74.0 
6/24 1. 0.5 7/6 1.5 330.0 7/16 1.5 74.0 


Killed July 18, 1910. 
Nipples barely visible; breasts not visible; uterus and ovaries small. Microscopical, 


breasts unchanged. 
Rat 2.—VinGin FEMALE 
Weight 105 gm.; Berkefeld Extract 


Amount Weight of Amount Weight of Amount Weight of 

of Extract, Fetuses, of Extract, Fetuses, of Extract, Fetuses, 
Date €.c. gm. Date €.c. gm. Date ¢.c. gm. 
6/14 1 42.5 6/23 1 135.0 7/2 1 325.0 
6/15 1 35.5 6/24 1 Os 7/4 1 100.0 
6/16 1 13.0 6/25 1 140.0 7/5 1 290.0 
6/17 1 207.0 6/27 1 165.0 7/6 1 330.0 
6/18 1 192.0 6/28 1 23.0 7/7 1 78.0 
6/20 1 23.0 6/29 1 54.0 7/8 1 36.0 
6/21 1 39.0 6/30 1 240.0 7/9 1 37.0 
6/22 1 128.0 7/1 1 280.0 


Killed July 10, 1910. 
Breasts unchanged; fresh corpus luteum, uterus vascular. 


Rat 3.—VirGin FEMALE 
Weight 189 gm.; Berkefeld Extract 


Amount Weight of Amount Weight of Amount Weight of 
of Extract, Fetuses, of Extract, Fetuses, of Extract, Fetuses, 
Date ¢.c. gm. Date ¢.c. gm. Date c.c. gm. 
6/14 O45 42.5 6/27 0.5 165.0 7/9 0.5 87.0 
6/15 on B5.5 6/28 Od 223.0 7T/il 05 14.0 
6/16 O5 13.0 6/29 05 54.0 7/12 Os 120.0 
6/17 O45 207.0 6/30 O5 240.0 7/138 05 5.0 
6/18 O5 192.0 71 05 280.0 ene > 700.0 
6/20 0.5 23.0 7/2 Os 325.0 7/14 0.5 128.0 
6/21 Os 39.0 7/4 oO 100.0 7/15 Os 74.0 
6/22 On 125.0 een On 290.0 7/16 05 74.0 
6/23 os 135.0 7/6 Os 330.0 
6/24 oO5 05 T/7 O59 71.0 
6/25 0.5 140.0 7s O5 36.0 


Killed July 18, 1910. 
Breasts unchanged ; uterus and ovaries small. 
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Rat 4 VIRGIN FEMALE 
99 gn Boiled Ex t 
Amount Amount Weight of Amount Weight of 
of Extract of Extract, Fetuses ff Extract, Fetuses 
CK < gm Date C.K gm 
5 1.5 149.0 7/8 1.5 6.0 
5 1.5 165.0 7/9 1.5 [7.0 
5 1.5 23.0 1/11 1.5 14.0 
5 , /2t 1.5 54.0 7/12 1.5 120.0 
5 207.0 6/30 1 240.0 7/1: 1.5 0 
5 192.0 7/1 1.5 PSO.0 T0000 
5 23.0 7/2 15 oao.0 7 4 1.5 128.0 
5 39.0 1/4 15 100.0 ‘/1 1.5 74.0 
5 128.0 7/5 15 290.0 7/i1¢ 1.5 74.0 
5 135.0 7/6 1.5 10.0 
5 140.0 7/7 1.5 78.0 
uly 16, 1910 
Breasts unchanged; uterus and ovaries sma 
Rat 5 VIRGIN FEMALE 
Weight 78 gm.; Boiled Extract 
Amount Weight of Amount Weight of Amount Weight of 
of Extract, Fetuses, ff Extract, Fetuses, of Extract, Fetuses 
Date c.4 Date cc gm Date c.4 gm 
6/13 1 6/24 1 140.0 7/6 1 330.0 
6/14 1 6/25 1 140.0 7/7 1 78.0 
6/15 1 6/27 1 165.0 7/8 1 36.0 
6/16 1 6/28 1 23.0 7/9 1 37.0 
6/17 1 6/29 1 54.0 7/11 1 14.0 
6/18 1 6/30 1 240.0 7/12 1 120.0 
6/20 1 7/1 1 280.0 7/13 l 500.0 
6/21 1 7/2 1 g25.0 700.0 
6/22 1 7/4 1 100.0 
6/23 1 7/5 1 290.0 
Killed July 14, 1910 
Breasts unchanged; uterus and ovaries small 
Rat 6 VirGin FEMALI 
Weight 88 gm soiled Extract 
Amount Weight of Amount Weight of Amount Weight of 











of Extract, Fetuses, of Extract, Fetuses, of Extract, Fetuses 

c.c zm Date c.c gm Date c.« gm 
OS 6/25 0.5 149.0 7/8 0.5 36.0 
0.5 6/27 O5 165.0 7/9 O.5 37.0 
O.5 6/28 0.5 23.0 7/11 0.5 14.0 
0.5 6/29 On 54.0 7/12 0.5 120.0 
oO 6/30 O.5 240.0 7/13 0.5 500.0 
Os 7/1 O54 280.0 700.0 
0.5 7/2 O05 $25.0 7/14 0.5 128.0 
O.5 7/4 O.5 100.0 7/15 0.5 74.0 
Os 7/5 O.5 200.0 7/16 O45 74.0 
oO 7/6 os 320.0 
oO 140.0 7/7 oO 78.0 

Killed July 18, 1910 

treasts unchanged ; uterus vascula fresh corpora lutea 

Rat 7 VIRGIN FEMALE 
Weight 103 gm serkefeld Extract; 1 Week Old 


One c.c. of extract given each day (except July 3 and 10) from June 29 to July 23 
Killed July 24, 1910 


Breasts not enlarged; uterus vascular; fresh corpora lutea 


Rat 8 VIRGIN FEMALE 
Weight 104 gm Boiled Extract; 1 Week Old 
Killed July 24, 1910 
One c.c. of extract given each day (except July 3 and 10) from June 29 to July 23. 
Breasts unchanged ; hydrometra; large corpora lutea 

















Killed Aug. 8, 1910. 
Breasts unchanged; uterus and ovaries small. 
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RAT SERIES 2.—WHITE RATS INJECTED INTRAPERITONEALLY WITH 
FETUSES, ETC., OF RATS 
Rat 1.—VirGin FEMALE 
a Centrifuged extract of rat fetuses; 19 injections; 130 fetuses. 
Amount of Amount of 
is ——Fetuses—— Extract In- —Fetuses—— Extract In- 
is Date No. Weight, gm. jected, c.c. Date No. Weight, gm. jected, c.c. 
: i 7/20 9 26.0 3.0 7/30 5 26.0 2.0 
' f 7 11 32.0 5 7/31 7 24.0 2.0 
a 7 7 pees s/1 6 24.5 2.0 
? 7 7 39.0 8/2 7 17.0 2.0 
: f 7 s 23.0 8/3 9 16.5 2.0 
; 7/25 6 30.0 s4 5 18.2 2.0 
: 7/26 7 15.5 So 5 18.3 2.0 
: : 7/27 3 14.5 x6 7 22.0 2.0 
} 7/28 6 16.0 8/7 7 32.0 2.0 
H 7/29 8 19.0 


Rat 2.—VIRGIN FEMALE 
Centrifuged extract of rat fetuses ; 9 injections ; 65 fetuses. 


Amount of Amount of 


—Fetuses—— Extract In- ——Fetuses—— Extract In- 

Date No. Weight, gm. jected, c.c. Date No. Weight, gm. jected, c.c. 
6/S 8 or 2.0 6/12 7 34.0 2.0 
oo 9 20.0 20 6/13 7 6.0 2.0 
6/10 9 per 1.2 6/14 s 7.0 2.5 
6/1l 10 40.0 2.0 6/15 8 26.0 2.0 
6/15 Died suddenly after injection. 


Breasts unchanged. 


Rat 3.—VirGin FemMaLe 


Ovaries removed (?) June 15; centrifuged extract of rat fetuses ; 23 injections; 165 


fetuses, 


Amount of Amount of 





——Fetuses—— Extract In- ——Fetuses—— Extract In- 
Date No. Weight, gm. jected, c.c. No. Weight, gm. jected, c.c. 
7/11 10 40.0 2.0 6 16.0 2.0 
7/12 7 34.0 2.0 s 19.0 2.0 
} 7/15 N 26.0 20 5 26.0 2.0 
7/19 9 13.0 7 24.0 2.0 
7/20 9 26.0 6 24.5 2.0 
7/21 11 32.0 7 17.0 2.0 
7/22 7 _ 9 16.5 2.0 
7/23 s 38.0 5 18.5 2.0 
7/24 Ss 23.0 5 18.2 2.0 
7/25 6 30.0 7 32.0 20 
7/26 7 15.5 7 32.0 2.0 
7/27 3 14.5 





Killed Aug. 8, 1910. 
Breasts unchanged; small remnant of right ovary had been left in situ; uterus not 
atrophic 


Rar 4.—VirGin FemMarte 


Boiled extract of rat fetuses; 11 injections; 89 fetuses. 


Amount of 





f —Fetuses—— Extract In- 

1 Date No. Weight, gm. jected, c.c. Date 
7/8 8 ape 1.5 7/15 
7/9 9 20.0 2.0 7/19 
7/10 9 20.0 3.0 7/20 
7/1 10 40.0 2.0 7/22 
7/12 7 34.0 2.0 7 
7/13 7 6.0 O5 7 
7/14 s 7.0 2.0 7/25 


Breasts unchanged. 








Amount of ‘ 
—Fetuses—— Extract In- ¥ 
No. Weight, gm. jected, c.c. 7 
s 26.0 3.0 
{ 13.0 1.5 
Sick ; no injection. 
Better. 1.2 f 
8 39.0 2.0 
2.0 


8 23.0 
Found dead. ‘ 
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( ged ext t of it placenta; 2o lia ent 
An ntof I s Ar tof 1 ses 
Placentas Extract Weig Pla is Ex t Weigh 
Da N gu a N g 
’ ’ y 6.0 7/26 7 > 0 
7/10 9 ” 6.0 oF 20 2.0 
7/1l 1” 2.0 4.0 (/28 6 2.0 4.0) 
7/12 7 --0 1.0) 7/20 Ss 1.0 4 
7/13 7 20 0 7 20 2.5 
: 7/14 8 0 7/31 i 2.0 0 
7/15 8 ~~" 4.0 o/s , «0 
7/19 ’ 2.0 4.0 S i 2.( $5 
7/20 a eo 40 ba ’ I s iu 
7/22 4 "oO nt wed 
x 
7/23 ~ 0 0 S/4 0 
7/24 Ss 20 5.5 ) > 4.2 
47/25 6 2.0 0 | 7 eo io 
Killed Aug. 7, 1910 
I . ged t S gested ; re¢ 
Rav ¢ \ 
ted Jur 2 ged x ict ] l 
Amount « An nt I 
Placentas Extract Pla tas Extra Weight 
Date N ‘ N x 
7/1 10 2.0 S ( 1.8 10 
7/12 7 2.0 i ) 1s 2.5 
7/15 & 4) S 6 1.5 Ty 
7/19 0 2.0 S 7 1S 10 
7/22 4 1.2 S ’ - 1.0 
71/23 s 1.0 4 s 4 0 2.6 
i/e G 2.0 TT ~ o 
7/27 3 1.5 aT) ar 7 ° wi 
Killed Aug. 7, 1910 
I t Manges I 


Date ‘ , I S D s 
7/8 0 7/20 1.0 7/30 1.2 
7/9 1.1 7 1 0 7 1 Lo 
7/11 1.0 7 1.8 S/1 1. 
7/13 oO 7/2 0 S 2 4) 
7/14 2.0 7/25 1 8/3 20 
7/15 0.5 7/26 oO g/4 7 
7/16 0.5 7/27 0.8 g/m ° 
7/19 1.5 7/28 20 gs 6 ° 
K 1A 7, 191 
| ‘ ' 
RABBIT SERIES l RABBITS INJECTEI INTRATPERITON \ \ Vi 
FETUSES. OVARIES, PLACENTAS AND HYPO! IYSES OF RABI 
I I \ N IA \ 
M Ss 21 f d ex l 
Ar ’ \ 
I extra I Ex 
I N W y d I N \W | 
1/2 ( S i >] 1 S ) LO 
j 1 l 7 2 l 7 1 40 
’ 6.0 10.0 ’ 12 6.0 x 
s 1 71 2? « 9/24 1/2 ‘ 14 10 
ro 1/2 1 IsL.08e ) 1 t ’ ) 
1/10 ) 123.0 0 
11 SD 1 ’ i i 
9/15 1 148.5 oe? x 1/4 ~ 1 ) 
1/16 ‘ 0 ’ 
N18 ; { ‘ 11 : 7 i 
KK d Oct. 2, 1910 
N t yg g t 1 x I % 
‘ I ! J ‘ 
r v t I ‘ t \ Ww 
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RABBIT 2.—MULTIPARA (7?) ; NIPPLES BARELY VISIBLE 
Weight 1,940 gm. ; 15 injections boiled extract of fetuses; 88 fetuses used, 











i Amount of Amount of 

E Fetuses———— Extract In- Fetuses Extract In- 
Date No. Weight, gm. jected, c.c. Date No. Weight, gm. jected, c.c. 
9/3 1/2 of 6 82.0 12.0 9/23 1/2 of 3 16.0 13.0 
9/8 1/2 of 6 715 9.0 9/24 1/2 0f 6 14.0 12.0 
9/9 1/2 of 4 131.0 20.0 9/25 1/2 of 8 101.0 30.0 

f 9/15 1/2 0f 6 148.5 22.0 9/27 1/2o0f 4 50.0 16.0 

4 9/16 2/5 of 6 242.0 24.0 9/28 1/2 0f 5 83.5 21.0 

q 9/17 1/2087 200.5 23.0 9/30 1/2 of 7 26.5 13.0 

i 9/21 1/2 of 5 82.0 13.0 10/2 s 5.0 15.0 
9/22 1/20f7 139.0 22.0 


Killed Oct. 3, 1910. 

Nipples not enlarged; stained breasts nearly contiguous; margins raised; uterus 
moderate in size; ovaries small. Microscopically the connective tissue is old and 
fibrous; the medium-sized ducts have one and two layers of epithelium. In a few 
sections acini were present. The size and microscopical picture closely resemble that of 
Rabbit 14 (Fig. 27), but no corpus luteum was present. Furthermore, the pericanalic- 
ular connective tissue in Rabbit 2 is more fibrous. 








ety See 


= 

















} RaBBit 3.—VIRGIN; Nipples JUST VISIBLE 
t Weight 2,150 gm.; 22 injections of saline extract of ovaries of pregnant rabbits; 
it 49 ovaries used. 

1 Amount of Amount of 
# Ovaries——— Extract In- —_——Ovaries Extract In- 
2 Date No. Weight, gm. jected, c.c. Date No. Weight, gm. jected, c.c 
! 9/3 2 2.0 6 9/21 2 0.5 7 
Hi 9/4 4 2.0 9 9/22 2 1.0 7 
1 9/5 2 1.0 5 9/23 2 0.5 7 

9/8 2 1.0 7 9/24 2 0.5 6 
9/9 2 ane 7 9/25 2 0.7 6 
9/10 4 1.5 9 9/26 2 0.5 6 
9/11 2 0.5 6 9/27 1 0.3 6 
9/15 2 1.0 7 9/28 2 1.0 7 
9/16 2 05 7 9/29 2 5.0 6 
9/17 2 1.5 6 9/30 2 1.0 6 
9/18 2 1.0 7 10/2 4 1.5 15 
: Killed Oct. 3, 1910. 
e Stained breasts much enlarged, more than in Rabbit 1: margin slightly raised; 
uterus and ovaries small. Microscopically many medium-sized ducts, with proliferating 
: epithelium. The connective tissue is embryonal in type (Fig. 9). 
Rapsit 4.—VirGin ; Nippeces Just Viste_e 
Weight 2,140 gm.; 22 injections of centrifuged placental extract; 120 rabbits’ 
| placentas used. 
; Amount of Amount of 
Placentas—— Extract in- Placentas Extract In- 
Date No. Weight, gm. jected, c.c. Date No. Weight, gm. jected, c.c. 
9/3 6 23.5 20 9/21 5 16.0 20 
9/4 1 1.5 10 9/22 7 18.0 22 
9/5 6 6.5 20 9/23 3 10.5 22 
9/8 6 20.5 17 9/24 6 8.0 21 
9/9 4 13.5 17 9/25 8 25.0 2 
‘ 9/10 5 4.5 12 9/26 7 7.0 14 
9/11 2 4.5 16 9/27 4 10.0 26 
f 9/15 6 23.0 22 9/28 5 20.0 26 
Hi 9/16 6 28.0 23 9/29 7 5.5 25 
9/17 7 27.0 23 9/30 7 13.0 23 
9/18 4 5.0 12 10/2 8 7.0 15 

e Killed Oct. 3, 1910. 

No enlargement of breasts; uterus small; also ovaries. Microscopically there were 

Oi found only small, straight ducts with a single layer of epithelium. 

" 
at RaBBiT 5.—VirGiIn ; Nipples Just PALPABLE 
BY Weight 1,980 gm.; 11 injections of saline extract of hypophyses of pregnant rabbita; 

11 hypophyses used. 

a Amount of Amount of Amount of 
' Date Extract, c.c. Date Extract, c.c. Date Extract, c.c. 

| 9/18 6 9/25 6 9/29 6 
f 9/22 7 9/26 6 9/30 6 

H 9/23 5 9/27 6 10/2 8 

{ 9/24 6 9/28 6 

| Killed Oct. 4, 1910. 

wi Breasts much enlarged, rather elliptical in shape; margins raised and pink: uterus 

4 vascular; fresh corpora lutea. Microscopically looks very active; many small ducts 


disposed about main ones (Fig. 10). 
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RABBIT SERIES 2 RABBITS INJECTED INTRAPERITONEALLY WITH 
EXTRACTS OF RABBIT FETUSES, OVARIES AND HYPOPHYSES 
tABBIT 1 VIRGIN; NIPPLES VERY SMALI 


Eleven injections of centrifuged extract of rabbits’ fetuses; 76 fetuses used 
J 





Amount of Amount of 

Fetuses————— Extract In Extract In 
Date No gm. jected, cx Date No m. jected, c.c 
11/11 1/2 o ba 6.0 23.0 11/17 1/2 of 20.5 
11/12 1/2 of 7 72.0 17.0 11/18 1/2 of 
11/13 1/2 of 12 64.0 22.0 11/19 21.0 
11/14 1/2 of 6 22.0 24.0 11/20 1/2 of 20.0 
11/15 1/2 of 6 26.0 23.0 11/21 24.0 
11/16 7 9.0 20.5 


Killed Novy. 22, 1910 
Breasts slightly enlarged with numerous buds; uterus smal! Microscopical : mod 


1 


erate number of medium-sized and large ducts with single layer of epithelium (Fig. 11) 


RABBIT 2 VIRGIN; NIPPLES VERY SMALI 


Eight injections of boiled extract of rabbits’ fetuses; 59 fetuses used 


Amount of Amount of 
Fetuses— - Extract In- Fetuses Extract In 
Date No. Weight, gm. jected, c.c Dat No Weight, gm. jected, c.« 
11/11 1/2 of 8 526.0 23.0 11/15 1/2 of 6 26.0 20.0 
11/12 1/2 of 7 72.0 15.0 11/17 1/2 of 7 30.5 18.0 
11/13 1/2 of 12 64.0 15.0 11/18 1/2 of 6 33.0 21.0 
11/14 1/2 of 6 22.0 15.0 11/20 1/2 of 7 85.0 15.5 


Killed Nov. 21, 1910. 
Breasts slightly enlarged with fair amount of buds; uterus congested; ovaries small ; 
no corpora lutea Microscopical large ducts with single layer of epithelium (Fig. 12) 


RABBIT 3 VIRGIN 


On November 2 a breast was removed for control (Fig. 13); 11 injections of the 
combined saline extract of two ovaries of pregnant rabbits and one hypophyses were 
given daily. 


Amount of Amount of 
Hypophyses, Ovaries, Extract In Hypophyses, Ovaries, Extract In 
Date No No jected, c.c Date No No jected, c. 
11/11 1 2 9.0 11/17 1 2 9.5 
11/12 1 2 13.0 11/18 1 2 9.0 
11/13 1 2 16.0 11/19 1 2 9.0 
11/14 1 2 12.0 11/20 1 2 10.0 
11/15 1 2 8.0 11/21 ] 2 9.5 
11/16 1 = 9.0 
Killed Nov. 22, 1910 
jreasts small, consisting of a few main ducts only; uterus congested: ovari small 
Microscopical: few ducts with single layer of epithelium (Figs. 13 and 14) 


RABBIT 4 VIRGIN ; NIPPLES VERY SMALI 


Eleven injections of centrifuged extract of rabbits’ placentas; 76 pla tas used 
Amount of Amount of 
Placentas Extract In Placentas Extract In- 
Date No Weight, gm. jected, cx Date No Weight, gm. jected, c.c 
11/11 8 28.0 25 11/17 7 11.0 25 
11/12 7 16.5 25 11/18 6 12.5 19 
11/13 12 23.0 25 11/19 4.0 yp 
11/14 6 9.0 26 11/20 7 20.5 25 
11/15 6 11.0 23 11/21 7 8.0 17 
11/16 7 7.0 25 


Killed Nov. 23, 1910 
Breasts only slightly enlarged, but with many buds; chiefly large ducts with several 
layers of epithelium; uterus not congested; ovaries negative (Fig. 15) 
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RABBIT SERIES 3.—CASTRATED RABBITS INJECTED INTRAPERITONEALLY 
WITH EXTRACT OF RABBITS’ FETUSES, OVARIES AND HYPOPHYSES 
RABBIT 1.—VIRGIN 


Breast removed December 6 for control; castrated through two lumbar incisions 
December 30; 17 injections of centrifuged extract of rabbits’ fetuses; 101 fetuses used. 





ND Ny ACER het 


Amount of Amount of 

———Fetuses Extract In- ——Fetuses———— Extract In- 

j Date No. Weight, gm. jected, c.c. Date No. Weight, gm. jected, c.c. 
‘ 1/10 6 5.0 15.0 1/19 6 121.0 25.0 
j 1/11 3 1.0 15.0 ea 6 119.0 24.0 
; 1/12 6 7.5 15.0 1 21 6 13.5 15.0 
: 1/13 5 17.0 24.0 1/22 6 7.0 14.0 
} 1/14 6 2.0 15.0 1/23 5 132.0 25.0 
1/15 6 11.5 14.5 1/24 10 30.0 22.0 
1/16 5 9.0 17.0 1/25 3 9.0 15.0 
1/17 6 20.0 20.0 1/26 4 17.0 15.0 

1/18 12 294.0 23.0 


Killed Jan. 27, 1911. 
No great increase in size compared with control breast; fewer branchings, chiefly 


main ducts (Figs. 16 and 17). 


i 


RapsiT 2.—ViIRGIn 
Breast removed December 12 for control; castrated through double lumbar incision 


SR ee 





: January 1; 17 injections of saline extract of pregnant rabbit ovaries; 34 ovaries used. 
i Amount of Amount of Amount of 
: No.of Extract In- No.of Extract In- No.of Extract In- 
r Date Ovaries jected, c.c. Date Ovaries jected, c.c. Date Ovaries jected, c.c. 
j 1/10 2 8.0 1/16 2 5 1/22 2 9.0 
1/11 2 10.0 1/17 2 10.0 1/23 2 8.5 
A 1/12 2 9.0 1/18 2 10.0 1/24 2 8.5 
+ 1/13 2 10.0 1/1 2 no 1/25 2 9.0 
iii 1/14 2 10.0 1/20 2 9.0 1/26 2 9.0 
af 1/15 2 10.0 1/21 2 9.0 
y Killed Jan. 27, 1911. 
Hi Enormous increase in size of breasts compared with that of controls; only main 
eh branches; no finer ducts (Figs. 18 and 19). 
‘ 
} Raseit 3.—VIRGIN 
: 
iy Breast removed December 14 for control; castrated through double lumbar incisions 


January 1; 17 injections of saline extract of hypophyses of pregnant rabbits; one injec- 
tion a day from Jan. 10, 1911, to Jan. 26, 1911; 17 hypophyses used, 1 each day. 












} 
f Amount of extract, 6 cc. each day, except January 10 (5 ¢.c.) and January 13 
(6.5 ¢.¢.). Rabbit killed Jan. 27, 1911. 
{ Moderate increase in size over control breast; again only large ducts found (Figs. 
q 20 and 21). 
RATS WITH PLACENTAL INJECTION AND OVARIAN TRANSPLANTATION 
i Rat 1.—VIRGIN 
1 a July 13, two ovaries from pregnant rat transplanted subcutaneously in back; 16 
ne | intraperitoneal injections of rat placentas; 103 placentas used, 
i! Amount of Amount of 
ae ——Placentas—— Extract In- ——Placentas Extract In- 
Al Date No. Weight, gm. jected, c.c. Date No. Weight, gm. jected, c.c. 
7 7/20 9 4.0 2.0 7/320 bs) 2.2 0.5 
| 7 4 , 1.2 7/31 7 3.0 1.5 
: 7 8 4.5 15 s1 6 3.0 1.5 
: 7 s 5.5 15 8/3 9 4 2.0 
7/25 6 a0 10 S 4 i) 2.2 2.0 
726 7 a0 1.0 S54 a) 2.3 2.0 
7 3 2.0 1.0 86 7 4.0 2.0 
7/2 6 ao 1.0 
7/29 8 4.0 1.0 


Killed Aug. 15, 1910. 
treasts show no increase; implanted ovaries healed in; corpora lutea show necro- 
biosis ; uterus moderately congested ; ovaries negative. 


Rat 2.—-VIRGIN 


On August 4 four ovaries of pregnant rats were implanted subcutaneously in back; 
on August 6, 11 and 16, six ovaries in all were implanted, two on each of the days 
mentioned. 

Killed Aug. 20, 1910. 

All implanted ovaries have healed firmly; their corpora lutea show varying degrees 
of necrobiosis; ovaries are all well vascularized; breasts unchanged; uterus congested ; 
ovaries show corpora lutea large and regressing. 
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